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BY 
E. RUTHERFORD, Kt., F.R.S. 
Cavendish Professor of Experimental Physics and Director of the Cavendish Laboratory, 
University of Cambridge; Franklin Medallist. 

WHEN your Secretary asked me to write a short paper to be 
read before The Franklin Institute on the occasion of the formal 
presentation of the Medal, in the award of which you have done 
me so great an honour, I thought it might be of interest to give 
some reminiscences of my investigations of radio-activity in its 
early days. 

The dry records of the results of the investigations are to be 
found in the technical journals, but it may prove of more living 
interest to recall some of the events and ideas that guided me 
in my early researches. My connection with the then infant 
science of radio-activity began in a very natural way as the direct 
consequence of my investigation on the ionization of gases by 
X-rays. In 1896 I was a research student in the Cavendish Labo- 
ratory, Cambridge, when Professor J. J. Thomson invited me to 
join him in an investigation of the temporary conductivity 
imparted to gases traversed by X-rays. As a result, we were 
able to explain the main features of the conductivity on the 
hypothesis that charged ions were produced in the volume of the 
gas by the radiation. After studying the recombination of the 
ions and their mobility in an electric field, it occurred to me that 
it would be of interest to examine the discharging action produced 
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by the rays from uranium. Henri Becquerel had discovered thy 
radio-activity of this substance early in 1896, and had shown tha: 
the radiation discharged electrified bodies. In addition he ha 
noted that uranium rays appeared to differ from X-rays inasmuc! 
as they gave some evidence of refraction and polarization. A fte: 
repeating these experiments of Becquerel dealing with refractic: 
and polarization with entirely negative results, I proceeded 1 
compare in detail the conductivity of gases by uranium rays an 
X-rays. It was found that they were similar in many respects a: 

that the ions had the same mobility in an electric field. In th 
course of this work, I examined by the electric method the absor) 
tion of the uranium rays by matter and found that they could |. 
separated into two types, one very easily absorbed named th: 
a-rays and the other much more penetrating called the B-rays. 

In 1898 I was appointed Professor of Physics in McGil! 
University, Montreal. On arriving there in September, I found 
that R. B. Owens, your present Secretary, had just been appointed 
Professor of Electrical Engineering in the same institution. As 
newcomers interested in similar subjects, we saw much of each 
other and Owens, who then held the Tyndall Fellowship fo: 
Physics of Columbia University, was anxious to carry out a! 
investigation in this subject. I suggested to him that it would | 
worth while to examine in detail the radio-activity of thoriun 
which had been discovered a little earlier by Schmidt, and o: 
which I had made some preliminary investigations in Cambridge 
As Owens was occupied by his professional duties during the da) 
actual experimenting could only be done in the evening, and | 
have still a vivid remembrance of initiating him into the mysteries 
of the quadrant electrometer of those days. In the dry Canadia: 
winter, the varnished floors of the laboratory became so strong!) 
electrified that walking across the room caused marked electro 
static disturbance unless great precautions were taken in screening 
the connections of the electrometer. For a similar reason, the 
observer had to sit still in his chair during observations. To 
reduce these disturbances I subsequently covered the floor with 
thin sheets of metal connected with earth, but, as we were using 
a high-potential battery with one pole earthed, some disconcerting 
experiences of acting as a conductor for a thousand-volt battery 
led me to abandon this form of screening. 

In the course of these experiments with thorium some very 


Sept., 1924. ] Earty Days IN RADIO-ACTIVITY. 283 


. 


perplexing observations were made. The conductivity in the air, 
produced by some compounds of thorium and particularly the 
oxide, was found to vary in a most erratic manner. For example, 
a slight draught of air, caused by opening or shutting the door 
of the laboratory, often altered markedly the movement of the 
electrometer needle. It was found that the conductivity persisted 
when the thorium oxide was covered with numerous sheets of 
paper. By passing a steady current of air through the ionizing 
vessel, the conductivity was much reduced. In these respects 
thorium compounds were entirely different from those of uranium, 
where the radiation was very constant. 

Professor Owens left Montreal to spend the next summer in 
the Cavendish Laboratory and I continued observations to try to 
find an explanation of the anomalous results exhibited by thorium. 
[ was at first inclined to think that this effect in air currents might 
be due to the presence of heavy slow-moving ions produced by the 
radiation, but this proved an untenable hypothesis. Finally, by 
passing a current of air over thoria through a long tube and by 
examining the conductivity at different parts of the tube, I found 
the radio-active effect decayed with time according to a definite 
law, falling to half-value in about a minute. It thus seemed clear 
that thoria emitted some substance which could be carried away 
ina gas stream. I gave the name “ emanation” to this unknown 
substance. It was clear that this emanation, which was able to 
diffuse rapidly through paper and other porous substances, was 
some type of matter whose radiating power decayed with the time. 
Contemporaneously, I noticed that all substances remaining in 
contact with the emanation themselves became radio-active. This 
“excited radio-activity,” as it was called, decayed with time 
according to the same laws as the emanation, but at a much slower 
rate, falling to half-value in about eleven hours. This activity 
could be concentrated on a negatively charged electrode. The 
active matter obtained on a platinum wire was found to be soluble 
in certain solutions and not in others and could be dissipated by 
heating the wire. These results were an indication that the activ- 
ity was due to some kind of active matter which was produced 
by the emanation. 

It appeared probable that the emanation existed in minute 
quantity, but it occurred to me that it might be possible to discover 
by diffusion methods whether it was a light or heavy substance. 
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For this purpose I used the radium emanation which had bee: 
found by Dorn to have a much slower rate of decay than that o 
thorium. One-half of a long cylinder contained air mixed with 
emanation. On removal of a partition, the emanation diffused 
into the ordinary air. The amount of emanation in the two 
halves at any subsequent time could be determined by electrical! 
methods. In this way the coefficient of inrerdiffusion of tix 
emanation was measured and, from comparison with the rate | 

diffusion of known gases, it was concluded that the emanatio: 
must have a high molecular weight of at least 100. 

Passing over many other investigations, I now come to m) 
asSociation with Soddy, now Professor of Physical Chemistry 
Oxford. After two years’ research in Oxford, Soddy had bee: 
appointed Demonstrator in Chemistry in McGill. He became 
interested in the work I was doing in radio-activity and we agreed 
to join forces and attack the problem of the chemical nature oi 
the emanation. I was to take charge of the radio-active measure 
ment while he was to be responsible for the more chemical side 
of the investigation. This association proved very fruitful. By 
passing the emanation over various chemical reagents, we found 
it was quite unaffected and in this respect was quite analogous 
to the rare monatomic gases found in the atmosphere. Since the 
amount of emanation in these experiments was far too minut: 
to give a measurable pressure or to determine its spectrum, on 
of the only methods of showing it to be a distinct chemical sub 
stance was to test whether it would be condensed by the action o! 
low temperatures. We passed the emanation through a spiral 
cooled by solid carbonic acid but no effect was produced. We 
impatiently awaited the arrival and setting up of a Hampso1 
liquid-air machine to use liquid air as a refrigerant. <A steady 
stream of thorium emanation was passed through a lead spiral 
immersed in a Dewar flask. The first 20 c.c. of liquid air, which 
was produced in the laboratory, was poured into the flask and we 
had the satisfaction of noting the complete cessation of movement 
of the electrometer needle, showing that the emanation had been 
condensed by the extreme cold. By suddenly plunging the cold 
spiral into hot water, the emanation was released and made its 
presence manifest in the electrometer. The next stage was a 
systematic search to find whether the emanation was produced 
directly from the thorium or some other substance present. This 
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was settled by the separation of the substance known as thorium X, 
which was shown to give rise to the emanation. The great con- 
trast in the physical and chemical properties of thorium X and the 
emanation gave us the first definite clue that radio-activity was 
a consequence of the successive transformation of elements and 
led ultimately to the enunciation of the disintegration theory 
of radio-activity. 

In the meantime, I had been trying at intervals to see whether 
I could deflect the a-rays in a strong magnetic field in order to 
decide whether they were material in nature or a type of X-radia- 
tion. After many failures on account of the smallness of the 
effects, | obtained from the Curies a small quantity of radium 
preparation of activity about 20,000 times that of uranium. With 
this material, I was able to show that the a-particles were positively 
charged particles projected with high velocity, and the value of 
E/M indicated that they had a mass heavier than hydrogen. ‘This 
proof of the material nature of the a-particle was very helpful 
in giving definiteness to the transformation theory and suggested 
the possibility that the helium, which is found in such large quan- 
tities in many uranium and thorium minerals, might result directly 
from the accumulated a@-particles after they had lost their charge. 

In 1903 Soddy left Montreal to work with the late Sir William 
Ramsay on chemical problems. In order to avoid unnecessary 
overlapping, we had outlined a scheme of future work before 
Soddy left Montreal. He was to tackle the important problem 
whether he could detect the growth of radium in purified uranium 
salts, while, as soon as sufficient radium was available, I was to 
examine whether helium was produced from radium. In 1903, 
I spent the summer in England and heard that practically pure 
radium bromide was being sold commercially by Professor Giesel 
at the very low price of about one pound per milligram. Ramsay 
and I both purchased some of this material. I remember well a 
visit I made to Soddy at University College on the day when 
Ramsay and he were to release the emanation from about 20 milli- 
grams of radium to test whether they could detect its spectrum. 
Soddy told he would take this opportunity of noting whether any 
helium was released from the radium. That afternoon, the pres- 
ence of helium was detected by its spectrum. I loaned them my 
radium to confirm the important discovery. During the summer, 
I visited Professor and Madame Curie in Paris and found the 
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latter was taking her degree of D.Sc. on the day of my arrival! 
In the evening, my old friend, Professor Langevin, invited m 
wife and myself and the Curies and Perrin to dinner. A fter 

very lively evening, we retired about 11 o'clock to the garde 
where Professor Curie brought out a tube coated in part wit! 
zine sulphide and containing a large quantity of radium in solv 
tion. The luminosity was brilliant in the darkness and it was a 
splendid finale to an unforgettable day. At that time we coul: 
not help observing that the hands of Professor Curie were in 

very inflamed and painful state due to exposure to radium rays 
This was the first and last occasion I saw Curie. His prematu: 
death in a street accident in 1906 was a great loss to science a: 

particularly to the then rapidly developing science of radio-activit, 

I must pass over rapidly the next few years which were occu 
pied in unravelling the long series of transformations in uranium, 
thorium, and actinium and in studying the nature of their radia 
tions and their heating effects. In this work, I was greatly assistec! 
by the cooperation of research students who came to McGill, in 
cluding Doctor Godlewski from Poland, whose death two years 
ago is greatly to be deplored; Hahn, now professor in the Kaise: 
Wilhelm Institut; Riimelin, who lost his life in the first battle 
of Ypres, and others who came from Canada and U. S. A., 0! 
whom I must particularly mention Mrs. Pitcher (née Brooks ) 
A. S. Eve, now director of the Physics Laboratory in McGill 
Cooke, Professor in Princeton; Bronson, Professor in Dalhousi: 
University, and S. J. Allen, Professor in the Universit) 
of Cincinnati. 

In 1907 I left McGill to take the post of Professor of Physic: 
in the University of Manchester, vacated by Professor Schuste: 
Before leaving Montreal, I had been much interested in the dis 
covery made independently by the late Sir William Crookes and 
Professor Giesel that the a-rays produced scintillations in phos 
phorescent zinc sulphide. There was no reason at that time to 
believe that each a-particle produced a scintillation, but the disco 
ery directed my attention to the importance of finding a method 
for detecting a single a-particle and of counting the numbe: 
emitted per second by one gram of radium. Preliminary calcu 
lations showed that the ionization current in a gas due to a sing| 
a-particle might produce sufficient effect to be detected by a very 
sensitive electrometer. Doctor Geiger and I attacked this problem 
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experimentally but without much success. It then occurred to 
me that the electrical effect might be greatly increased by utilizing 
the property of ionization by collision in a strong electric field. 
After some disappointments, this method proved successful and 
we had the satisfaction of showing that individual a-particles 
could be easily counted by this electric method. This allowed us 
to determine the number emitted per second by one gram of 
radium and, by measuring the positive charge carried by the 
a-rays, we were able to obtain a fairly accurate value of the funda- 
mental unit of charge, viz., 4.65 x 10°'®, while Millikan’s later 
precision method gave 4.77 x 10°” electrostatic units. 

At this stage, the evidence as a whole strongly supported the 
view that the a-particle was a doubly charged atom of helium, 
but it was of great importance to settle this question definitely 
by a straightforward method. For this it was necessary to collect 
the a-particles and to show that they gave rise to helium, quite 
independently of the radio-active matter from which they were 
expelled. ‘This might be done if a glass tube could be constructed 
sufficiently strong to contain a large quantity of radium emanation 
but so thin that the a-particles could be fired through it. I put the 
problem of the construction of such a tube to Mr. Baumbach, a 
skilful glass-blower attached to the University. After a few 
hours’ trial, he produced the first a-ray tube of glass. With this 
[ was able to prove definitely that the a-particles which had been 
fired from this tube into the walls of an evacuated glass receiver, 
after diffusing out, gave the complete spectrum of helium. 

Unless I am to take too much of your time, I must confine 
myself to only a few more points of special interest. I have always, 
since the discovery of the nature of the a-rays, had a great interest 
in this type of radiation and I will now show the steps by 
which the a-rays were utilized to probe the inner structure of 
the atom and to throw light on its constitution. In our experi- 
ments on counting a-rays by the electric method, we had been 
troubled by the scattering of a-rays in passing through matter. 
Doctor Geiger made a special examination of the average scatter- 
ing for small angles of deflection. I suggested to one of my 
Manchester students, E. Marsden, that it would be of interest to 
examine whether any a-particles were scattered in the backward 
direction from a metal plate. I did not have any reason to expect 
a positive result and Doctor Geiger and I were very surprised 
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when a considerable number of a-particles were found to be scat 

tered through an angle of more than go degrees. From Geiger’ s 
experiments on the average angle of scattering by metal foils and 
from the laws of multiple scattering, we could not expect a detect 

able number of particles to appear in the backward directio: 

Both Geiger and I appreciated at the time that this was a ver) 
strange and remarkable result, difficult to reconcile with existin, 
views of atomic structure. After a number of calculations, | 
came to the conclusion that this large angle scattering could onl) 
be explained if there were intense electric fields in the atom, du 
to one or more massive charged centres, and that the large deflec 
tions were produced by a single collision with such a centre. From 
this arose the conception of the nuclear constitution of the atom, 
an account of which was first given by me in 1911. The theoreti 
cal laws of scattering on this assumption were very completely) 
verified by the careful measurements of Geiger and Marsden, 
published in 1913. 

After this work was completed, I asked Marsden to examine 
whether swift hydrogen nuclei could be detected by their scintil 
lations when a-particles bombarded hydrogen gas. In this he was 
quite successful. On the outbreak of war, the research laboratory 
was practically deserted and I took up in my spare time a further 
investigation of the number of hydrogen nuclei set in motion by 
a-rays and showed that they were greatly in excess of those to 
be expected on the simple scattering theory if the a-particle and 
hydrogen nucleus were regarded as point charges repelling each 
other according to an inverse square law. In the course of obser 
vations on the hydrogen nuclei, which are always given out by a 
radio-active source in small numbers, probably due to the presence 
of adventitious hydrogen, I noted that more scintillations were 
present in dry air and nitrogen than in dry oxygen. Since the 
a-particle was much the most concentrated and intense source ot 
energy available to science, I thought it not unlikely that some 
of the lighter atoms might be disintegrated by an intense collision 
with a swift a-particle. This observation in nitrogen gave the 
first clue that the artificial disintegration of an atom had been 
effected. In subsequent work with Doctor Chadwick, we have 
been able to show that not only nitrogen but also boron, fluorine, 
sodium, aluminum and phosphorus are disintegrated by a-ray 
bombardment with the emission of swift hydrogen nuclei in al! 
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directions. This advance has been largely connected with techni- 
cal improvements in the microscopes for counting scintillations, 
due largely to Doctor Chadwick and the skilled assistance of 
Mr. Twyman, of Hilger and Company. In the last few months, 
by a modified method, we have found that all elements from 
fluorine to potassium can be disintegrated by a-particles. The 
atoms of hydrogen, helium, lithium, carbon, and oxygen show 
no appreciable effect under the conditions of our experiments. 
This, however, brings us up to later days, and I must close this 
brief, and I am afraid very inadequate tale, of the genesis and 
development of some of my researches in the field of radio- 
activity. If time had permitted me, I would like to have given 
you the history of many important new lines of work which 
were initiated by my co-workers in the laboratory, particularly of 
the fundamental researches of Moseley on the X-ray spectra of the 
elements and of the initial stages of Bohr’s great theory of the 
electronic structure of the atom. It was an abiding pleasure to 
me to watch the unfolding of the new ideas of Moseley and Bohr 
which have exercised such a profound effect on the history of 
atomic science of our day. 


Shipments of Manganese Ore in 1923.—More manganese ore 
was shipped in the United States in 1923 than in 1922, according to 
final figures given out by the Department of the Interior, in a state- 
ment prepared by the Geological Survey. Although the shipments 
increased more than two and one-third times—from 13,404 gross tons 
in 1922 to 31,500 gross tons in 1923—they were smaller than many 
expected that they would be under the stimulus of the tariff on 
manganese ore fixed by the act that went into effect September 


22, 1922. 


The average value per ton of the ore imported from Germany in’ 


1922 ($90.22) and from Germany and England in 1923 ($100.37 
and $126.74, respectively) are near the prices received for ferro- 
manganese and are considerably above those received for manganese 
ore. It is therefore probable that the imports from those two coun- 
tries reported as manganese ore represent, in part at least, some other 
material. The average value of all reported imports of manganese 
ore in 1923 was $18.80 a ton. 

The imports in 1923 were the smallest since 1911 and were less 
than half those in 1918, when the domestic production was nearly 
ten times as great as in 1923. Consequently domestic production plus 
imports in 1923 (238,000 gross tons) was less than one-third of 
production plus imports in 1918 (797,000 gross tons). These figures, 
however, do not indicate a decrease in the requirements for manganese 
in 1923. Most of the manganese ore consumed in the United States is 
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employed in making ferromanganese and spiegeleisen, which are us: 
in the manufacture of steel, and the steel produced in 1923 amount: 
to 44,943,696 gross tons as against 44,462,432 gross tons in 1918, a 
except the production in 1917 (45,060,607 gross tons), was the hig! 
est ever recorded. Large stocks of manganese ore were accumulat: 
in the United States prior to September 22, 1922, when the tar: 
on manganese went into effect, and the large imports of ferroma: 
ganese in 1922 and 1923 made possible the great production of st: 
stated with so low a total domestic production plus imports of mai 
ganese in 1923. 

As usual, Montana produced by far the largest quantity of 
containing 35 per cent. or more of manganese—21,916 gross to: 
more than twice the production of all the other states togetlh: 
Arkansas came second, with 3768 tons. Colorado and Geor; 
shipped some ore in 1923 after having been completely unproduct 
in 1922. 

The shipments of ore containing 10 to 35 per cent. of mangan 
decreased from 344,674 tons in 1922 to 319,666 tons in 1923, owin 
to a decrease in production in Minnesota and New Mexico, as t! 
other states that produced ore of this grade in 1922 (principal! 
Georgia and Michigan) increased their shipments, and several states 
notably Arkansas and Colorado, began shipping. 

The shipments of ore containing 5 to 10 per cent. of mangane: 
increased from 251,614 gross tons in 1922 to 1,072,457 tons in 192 
The chief reasons for this immense increase are the facts that 
shipments from Minnesota rose from 248,560 tons to 499,181 tor 
and that the ore shipped in 1923 from the Ottawa mine of the Mo: 
treal Mining Company, in Wisconsin, and the Tilden mine of ¢! 
Oliver Iron Mining Company, in Michigan, contained sufficient ma: 
ganese to permit it to be classed as manganiferous iron ore instead 
as straight iron ore, as heretofore. 


Sand and Gravel in 1923.—The sand and gravel sold in 
‘United States in 1923 amounted to 139,932,153 short tons and w: 
valued at $90,903,654, according to reports made by the produce: 
to the Department of the Interior through the Geological Surve 
These figures show an increase of about 48 per cent. in quantity a1 
41 per cent. in value over those for 1922. There was a genera 
increase in both the quantity and the value of all classes of t! 
material sold except in the value for filter sand. A special canvas 
of railroad companies was made in 1923 in order to obtain more con 
plete reports of non-commercial material used by them, and the figur: 
obtained make up in part the large increase (146 per cent.) shown | 
the quantity of gravel used for railroad ballast. The sale of san 
and gravel for use in the construction of buildings and pavement 
also showed a large increase. The figures for 1923 include return: 
obtained from 2428 sand and gravel plants, which is 443 more tha: 
the number represented by the figure for 1922. 


THE ANCHORAGES OF THE BRIDGE OVER THE 


DELAWARE RIVER BETWEEN PHILADELPHIA 
AND CAMDEN.* 


I. DESIGN OF THE ANCHORAGES. 


BY 
ALLSTON DANA, A.B., B.S. 


Assistant Engineer of Design, Delaware River Bridge Joint Commission. 
GENERAL PURPOSE AND FUNCTION. 


Tue Delaware River Bridge is to be a suspension bridge. 
Like other bridges of this type nearly the entire weight of the 
bridge itself between anchorages, a distance of six-tenths of a 
mile, together with the weight of the traffic passing over it, will 
be hung from cables. The cables will be therefore in very great 
tension. They will be supported vertically by the two main towers 
which are now completed, and the pull or tension at their ends will 
be resisted by the two anchorages to which they will be fastened. 
These anchorages are now partially constructed. When com- 
pleted they will be huge concrete structures faced with granite 
218 feet long, 190 feet wide, 175 feet high above ground, and 
with foundations extending down to rock 65 feet below ground in 
Philadelphia and 105 feet below ground in Camden. 

To properly resist the pull of the cables the anchorages must 
have two essential characteristics—they must be long, and they 
must be extremely heavy. 

The length of the anchorages was determined by the fact that 
the Philadelphia anchorage is located between Delaware Avenue 
and Front Street and has been made to occupy the entire distance 
between these streets. 

Each anchorage will weigh five or six times as much as the 
pull exerted on it by the cables, and the combined weight of both 
anchorages will be over seven times as much as the entire load 
supported by the cables. 

The estimated maximum amount of load which the cables will 
ever have to carry is nearly sixty thousand tons, of which about 
70 per cent. is the dead-weight of the structure and 30 per cent. 


* Presented at a joint meeting of the Institute and the Philadelphia Section, 


\merican Society of Civil Engineers, held Thursday, April 3, 1924. 
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the weight of traffic. The maximum dead-weight includes th 
necessary structure of the bridge and also an allowance 
of about 14 per cent. for electric conduits and other possib|: 
future additions. 

The 18,000 tons of traffic included in this estimate is based 
assuming continuous lines of trolley-cars on two of the track: 
continuous lines of rapid transit trains on the other two tracks, 


General view of bridge and Philadelphia anchorage. 


the 57-foot roadway filled solidly with automobiles and trucks 
from end to end of the structure, and each of the 10-foot sidewalks 
crowded with people. To produce such a congested load ther 

would be required 150 trolley-cars, 120 rapid transit cars, 1000 
automobiles and trucks and a veritable army of pedestrians. N 

such congestion of traffic is likely to occur, certainly not unde 
operating conditions, but as a possible emergency load it has 
been assumed in the design of the cables, the towers and _ thi 
anchorages. To hold up this great volume of traffic a suspended 
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structure is required which will weigh over twice as much as the 
traffic carried, and which will include two 30-inch diameter steel 
cables, each weighing nearly a ton per foot of length and each 
subjected to a maximum pull of 20,000 tons. 

The two anchorages which will hold the ends of the cables and 
resist their pull will have a combined weight of over 400,000 tons 
or twenty-three times as much as that of the congested traffic on 
the bridge. 

The relation between these various loads and forces is shown 
in the diagram on page 296. The weight of the bridge, includ- 
ing the live load, although uniformly distributed along its length, 
can be considered as concentrated at the centre of each span for the 
purpose of calculating the pull in the cables at the towers and 
anchorages, these being found by the principle of the parallelo- 
gram of forces. From these pulls the vertical load on each tower 
can be found by the same principle. This load, combined with the 
weight of the tower itself and again with the weight of the pier, 
gives the loads on the top and bottom of each pier. 


FORCES ON THE ANCHORAGES. 


In the case of the anchorages, the pull in the cables, combined 
with the weight of an anchorage acting through its centre of grav- 
ity gives, by the principle of the parallelogram of forces, a result- 
ant force acting downward at a fairly steep inclination. The 
steepness of inclination of this resultant force and its position 
with respect to the bottom of the anchorage are the two main 
factors in the design of the anchorage considered as a whole. 

In the first place the inclination of the resultant force must be 
sufficiently steep to prevent the anchorage from sliding forward 
In other words, the weight must be great enough to produce a fric- 
tion on the bottom of the anchorage foundations greater than 
the maximum pull of the cables. 

In the second place the location of the resultant force must be 
such that excessive pressures will not exist between the bottom 
of the foundation and the underlying rock. 

The average pressure on the bottom depends on the weight 
of the anchorage and on the bearing area of the foundation and is 
independent of the amount of the pull of the cables. The maxi- 
mum pressure, however, may be considerably greater than the 
average. It will occur either at the front end or at the back end 
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of the foundations and depends in a general way upon the position 
of the resultant force at the bottom with respect to the centre of 
gravity of the foundation area. Thus with the maximum pull 
in the cables, corresponding to the maximum load on the bridge, 
the resultant force will intersect the bottom of the foundation 
quite far forward and will produce the maximum bottom pressure 
at the front end, while with the minimum pull in the cables, corre- 
sponding to a minimum load on the bridge, the resultant force 
will cut the bottom further back and will produce the maximum 
pressure at the back of the foundation. Obviously the range in 
position of the resultant on the bottom is greatly accentuated 
by the fact that the cable pull is applied to the anchorages at such 
a great height above the bottom of the foundations. 

A number of factors in the design of the anchorage contribute 
towards keeping the resultant force in a proper position. One 
factor is the great weight which steepens the inclination of the 
resultant thereby bringing it well back from the front and reducing 
its range of position. Another factor is having the centre of 
gravity of this weight far back, thereby correspondingly keeping 
back the resultant force. A third factor is having the centre of 
gravity of the foundation bearing area well forward, thereby 
bringing it near to the position of the resultant. Finally, the 
great length of the anchorage contributes by making these last 
two factors more effective and by making the range of positions 
of the resultant relatively small. 

The foundation for each anchorage is not a continuous struc- 
ture from end to end, but consists of two parts. Under the front 
end there is a pair of long rectangular blocks, one on each side, 
and under the back end there is a group of eight cylinders. With 
an articulated arrangement like this the bottom pressures cannot 
be found directly in terms of the resultant force, and its eccentric- 
ity from the centre of gravity of the foundation area. This 
method, applicable to a continuous foundation, if applied to this 
case, involves the assumption that vertical shear is transferred 
from one part of the foundation to another through the inter- 
vening soil. But this material is not rigid enough to do this. It 
was necessary then to resolve the resultant force into two com- 
ponent forces, one being the force carried by the cylinders, the 
other being the force carried by the rectangular blocks. With 
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these component forces determined, the bottom pressures wer 
found by considering each part of the foundation separately. 

These component forces could not be found by statics, becaus: 
their lines of action are not known. In other words, these force: 
were statically indeterminate, and to find them it was necessary 
to consider the probable elastic behavior of the foundations them 
selves, and of the anchorage above the foundations. The metho: 
used in making this elastic analysis will be given later. In the 
meanwhile the internal arrangement of the anchorage above thx 
foundation will be described. 


UPPER PART OF ANCHORAGE. 


The length of the anchorage, together with its necessary wicdt! 
and height, gives a volume much greater than that necessitated 
by the required weight. Only the back part of the anchorage i; 
to be filled solid with concrete. The remainder will be hollow 
except for such walls, floors and buttresses as are needed for othe: 
purposes than weight only. This makes it possible to keep the 
centre of gravity well back as required. 

The cables will enter the anchorage at a point 130 feet abov: 
ground and at an inclination of eight degrees with the horizontal 
They will bend over the top of an inclined steel tower, called th: 
anchorage cable bent, and will pass down into the anchorage at 
an inclination of about forty-five degrees. The steel tower takes 
the kick from the cables, that is the resultant of the pull on eac! 
side, and is supported by a pair of masonry piers or buttresses 
one under each leg of the tower. These buttresses are made larg: 
enough and heavy enough to take care of the inclined force, and 
are connected by a cross-wall which acts as a strut between them 
Each buttress will be connected to the large mass at the back by 
two longitudinal walls, one exterior and one interior. 

At a point 40 feet down from the top of the inclined tower 
each cable will be incased in a cast steel band the lower part oi 
which is bell shaped, and the cable will flare out in all directions 
below this point. The individual cable wires, of which there ar: 
to be over 18,000 in each cable, will loop around a group o1 
sixty-one cast steel shoes, each shoe taking 153 loops of wire 
Each of these shoes will be connected by a 9-inch pin to a pai: 
of 10-inch eyebars. 

The whole group of 122 eyebars which takes the pull of one 
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cable passes down into the back mass of concrete, flaring out co: 

tinuously, and connects to a row of nine anchor girders placed as 
far down in the corner of the anchorage as practicable. Ther 
are three lengths of eyebars between the cable shoes and th 
anchor girders, making a total number of eyebars in each anchor 

age of 732. The girders, which are of box construction, are abou 
40 feet long, and the end girders of each group are about 4 
feet apart. 

The mass of concrete directly over the anchor girders 
designed with sufficient weight to insure that there will always |» 
compression on an inclined surface in the plane of the botton 
of the girders even with the maximum pull of the cables. 

In general the anchorage above the foundations has bee: 
designed as mass concrete without reinforcing. At a few points 
however, reinforcing has been provided. Reinforcing has bee 
provided along the bottom at the back to allow the anchorage tv 
bridge itself across from one foundation to another without da: 
ger of cracking. Vertical reinforcing at the back has been pro 
vided as an added precaution against tension during extreme 
amounts of cable pull. A reinforcing mat has been provided at the 
top of the front buttresses to strengthen the concrete against 
pressure from the inclined steel tower. Reinforcing has bee: 
provided in the longitudinal walls which may be subjected to 
tension due to upward pressure from the foundations beneath 
them. Other reinforcing is used only where local parts of the 
structure are subjected to beam action due to carrying the granite 
facing and walls, and as hook rods to bond together the anchorag: 
as now constructed and the concrete and granite shell which is to 
be constructed later. 

On each side of the anchorage at the back hollow towers o! 
reinforced concrete construction are to be built which will hous: 
stairways and elevators leading from the ground up to the tracks 
and sidewalks of the bridge. These towers will be supported 
partly on the rest of the anchorage and partly on independent 
cylindrical foundations. 

The end panel point of the suspended structure is carried by 
steel rockers supported on the inclined tower near its base, and the 
end of the first approach span is carried on seats at the back o! 
the anchorage. The anchorage is thus subjected to the reactions 
from the side span stiffening truss and from the first approach 
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span, but, large as they are, these reactions are negligible compared 
with the weight of the anchorage and to the cable pull. Between 
the suspended structure and the approach the roadway, tracks and 
sidewalks of the bridge pass over the top of the anchorage and 
between the elevator towers, and are carried on steel work with 
columns resting mainly on the longitudinal walls. 


THE FOUNDATIONS. 


Returning now to the foundations, three stages may be noted 
in the development of their design. First, it was necessary to 
decide on the general type of foundation. Secondly, it was neces- 
sary to determine the exact size and location of the various parts, 
including the calculation of pressures. Finally, the detail con- 
struction of each part had to be designed. 

Selection of the proper type of foundation depended on con- 
sideration of the soil and rock formation at the anchorage sites. 
Eight test borings had been made at the site of each anchorage, 
showing that in general there was a stratum of sand and gravel 
60 feet deep in Philadelphia and go feet deep in Camden, overlying 
a rock formation of mica schist. From the samples of this rock 
taken at the top, from various phenomena connected with sinking 
the casing pipes and making the borings as well as from the cores 
of rock recovered, it was determined that the rock was very soft 
and disintegrated at the top, that its hardness increased gradually 
with the depth, that it became hard enough so cores could be 
recovered in depths of 15 feet in Philadelphia and 25 feet in 
Camden, and that it became a very hard rock at still greater 
depths. Additional information concerning this rock was 
obtained from the conditions met while sinking the caisson for 
the Camden Pier and from bearing pressure tests made in the 
working chamber at different elevations. 

The type of construction selected for the foundations was that 
of sinking a number of reinforced concrete caissons through the 
sand and gravel and well into the soft rock, by means of excavating 
the material through dredging wells, building up the caissons as 
the sinking proceeded, and filling the dredging wells with concrete 
after the sinking was completed. 

This type of foundation was selected in preference to two 
other types which were also studied. One scheme was that of 
excavating under the entire anchorage area to a depth of 20 or 
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30 feet and filling with concrete. This would have given a sta! 
base with low bottom pressures suitable to resting on sand. Ho 
ever, the cost was estimated to be no less than that of the adopt: 
design and it was considered inadvisable to have the foundat: 
at a depth less than that of possible future structures in | 
neighborhood. Furthermore the test borings had shown th 
there existed on the Camden side a stratum of clay about 18 i 
thick located 60 feet below the ground surface and 25 feet abo 
the rock, and it was thought best to have the foundations go be! 
this clay stratum. 

The other alternative scheme was to have a large number 
small caissons sunk by the pneumatic process down to very hai 
rock which would stand a high bearing pressure. In order | 
take care of the horizontal force the idea was to sink these shai 
in an inclined position parallel to the average inclination of tlh: 
resultant force, but even so the variation of this inclination wou! 
subject these shafts to eccentric or bending stresses necessitatin; 
their being fairly wide in the direction of the cable pull. Cor 
sidering the necessary dimensions of such caissons and the rela 
tively high cost of the pneumatic processes as compared wit! 
open dredging, it was estimated that they would cost considerab|: 
more than the adopted design. 

The arrangement of caissons as finally designed consisted fo: 
each anchorage of two rectangular caissons under the front « 
the anchorage, each 40 feet wide and with lengths of 125 feet i 
Philadelphia and 140 feet in Camden, and of eight circular cai: 
sons or cylinders under the back of the anchorage each 20 fe: 
in diameter. This arrangement gave large foundation areas a‘ 
the front, long enough to take care of the horizontal force 
together with a small area at the back, but one consistent with 
well-distributed support. The depth of foundation tentative! 
determined from the boring data were to be at elevation —65 i1 
Philadelphia and at elevation —95 in Camden, the greater length o! 
the Camden caissons being necessitated by this greater depth 
These bottom elevations were selected because a study of the 
boring data, together with conditions met in sinking the Camde: 
Pier, seemed to indicate that at these depths rock would be encoun 
tered at all points sufficiently hard to properly support the foun 
dation without being too hard at any point to permit of reasonab! 
easy excavation. The actual sinking bore out in the main thi: 
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belief. The Philadelphia caissons were sunk to within a foot or 
two of the selected elevation, although the slope of the rock was 
such that in order to get the front end of the rectangular caissons 
to a satisfactory rock bearing the back end had to be sunk through 
a rock quite hard and requiring quite difficult excavating. It was 
iound possible to sink the Camden caissons, however, about 8 feet 
deeper than the selected depth on account of the greater uniformity 
of material, The slight increase of pressure from that calculated 
lue to the increased depth, was more than offset by the increase 
in hardness of the rock. 


CALCULATION OF BOTTOM PRESSURES. 


The method used in computing the bottom pressures is inter- 
esting because it was necessary to base it upon a study of the 
elastic behavior of both the foundations and the anchorage above 
them. The first consideration was that the horizontal component 
of the resultant force, or the horizontal shear, is distributed 
between the caisson not in proportion to their areas but in propor- 
tion to their elastic stiffness against horizontal deformation. This 
established that the rectangular caissons carried 95 per cent. of 
the total horizontal force. The distribution of the vertical com- 
ponent was first worked out on the assumption that plane sections 
at the top and bottom of the foundations remained planes, which 
is equivalent to assuming that the elastic shortening in the depth 
of the foundation varied uniformly from end to end of the 
anchorage. This assumption, although found later to be unten- 
able, gave results sufficiently close to proportion tentatively the 
sizes of the foundation caissons. 

For a plane section on the top to remain a plane the anchorage 
ibove the foundations would have to be absolutely stiff against 
elastic deflection. But it was found that bending stresses would 

ceur in the longitudinal walls due to the upward pressure from 
the foundation under them. Although the walls would be amply 
strong enough to resist the bending, they would not be stiff 
enough to do this without allowing a deflection of the anchorage 
sufficient to invalidate the assumption of a plane section remaining 
i plane. In other words the walls, although reinforced to take 
the tension produced, would be stretched by the tension so as to 
let the back end of the anchorage tip back and the front end 
tip forward slight amounts, thereby giving a distribution of 
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bottom pressure different from that calculated with the aboy: 
mentioned assumption. 

The final calculation of pressures was based on dividing 1] 
anchorage above the foundations into two parts, a front part a1 
a back part, as shown in the accompanying diagram, and consid 
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ing each part separately. The weight of the front part act ng 
through its centre of gravity was combined with the thrust fron 
the inclined steel tower to form a front resultant force comin; 
down on the rectangular caissons. The weight of the back part 
acting through its centre of gravity was similarly combined with 
the pull on the anchor girders to form a back resultant fore: 
This force was then resolved into two component forces, on 
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going down to the circular caissons, the other going forward to 
the rectangular caissons. These component forces, like the reac- 
tions of any structure, could not be found without first determin- 
ing or assuming the position of each and the direction of one. 

The line of division between the two parts of the anchorage 
was taken along an inclined plane from the upper back corner 
of the rectangular caissons to the top of the longitudinal walls, 
thus cutting through the whole anchorage at its narrowest point. 
The component of the back resultant force going to the 
forward caissons cuts this plane more or less at right angles, 
and at a point which, though not definitely known, can be 
determined within relatively narrow limits. This point must be 
far enough below the centre of gravity of the section to produce a 
reversal of stress or tension at the top of the wall of an amount 
corresponding to that which the preceding investigation had shown 
to exist. The position of this point was arbitrarily taken as that 
which would produce a tension at the top of half the average 
stress on the section. As practically all of the horizontal force 
is taken by the rectangular caissons, the component going to the 
cylinders was assumed to be vertical. It was assumed to act at 
a point two feet back of the mid-point between the two rows of 
cylinders. This point was selected as a result of a study of the 
elastic compression of the cylinders and the back end of the 
rectangular caissons. 

Having thus established a line of action for one component and 
a point through which the other must pass, the amounts of the two 
components and the direction of the forward one were determined 
by the principles of statics. The back component was divided 
between the two rows of circular caissons according to its assumed 
eccentricity and, by adding the weights of the caissons themselves, 
the bottom pressures were found. The amount of horizontal 
force carried by these caissons is small and to simplify the calcu- 
lations was neglected hitherto, but the bending pressures thereby 
produced were finally added to obtain the maximum pressures at 
the edges of the caissons: 

The component of the back resultant going forward to the 
rectangular caissons was combined with front resultant to form 
the total force on these caissons. This, combined with the weight 
of the caissons, gave the resultant force on the bottom, from 
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which the bottom pressures under the rectangular caisso: 
were found. 

These calculations were made not only for the maximum pu 
of the cables which gave the maximum pressure under the re: 
tangular caissons, but also for the minimum pull of the cable: 
which gave the maximum pressure under the circular caisson- 
The minimum pull was taken as that due to the weight on th 
bridge of the steelwork only of the suspended structure, it being 
considered possible that the anchorage would be completed befor: 
more than this amount of load was on the bridge, but not beio: 
at least this amount had been erected. Pressures were also calc 
lated for intermediate amounts of load on the bridge betwee: 
these two extremes. In addition similar calculations were ma: 
for the anchorages constructed, as at present, to their first stag: 
both with no cable pull and with pulls due to the suspended stru 
ture being partially or even completely constructed, although thi: 
last condition is unlikely to occur because before that happe: 
additional material will undoubtedly be added to the anchorage: 
The maximum pressures for the partially constructed anchorag: 
were found to be less than those for the completed anchorages. 

The pressures found as described were considered as gros 
pressures and were reduced by two factors to get the so-called nm 
pressures. First, a part of the load was considered to be carric 
by friction on the sides of the caissons. This friction was assunx 
to amount to 400 pounds per square foot, the reduction it made i 
the bottom pressures being about three tons per square foot f 
the circular caissons, but only about one ton for the rectangula: 
caissons. The other reduction consisted of subtracting the weight 
of the soil displaced including water. This amounted to about 
four tons per square foot in Philadelphia and six tons per squar: 
foot in Camden. The net pressures thus obtained represented th: 
difference between the pressure under the caissons and the pressure 
in the adjacent material due to the overlying soil. The maximum 
net pressure for both rectangular and circular caissons was com 
puted to be 22 tons per square foot for the extreme loading con 
dition and 17 tons per square foot for usual operating conditions 
of the bridge. 

There is an important factor making for the stability of the 
anchorages which was considered, but not counted on in the 
design. This is the passive resistance of the soil in front of the 
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anchorage which would have to be overcome before serious sliding 
could occur. It might furthermore be considered that the earth 
pressure on the front of the caissons would partially offset the 
overturning effect of the pull of the cables, and by deflecting back 
the resultant force reduce the bottom pressure at the toe. But 
the active earth pressure on the front of the caissons is balanced 
by an equal pressure on the back, and it is doubtful whether the 
forward elastic deflection of the foundations of a small fraction 
of an inch is sufficient to bring into play an appreciable amount 
of passive earth pressure. Nevertheless this soil exists as a tre- 
mendous latent or potential factor of safety, although perhaps the 
chief value of this material is the vertical pressure it exerts on 
the rock adjacent to the caissons. This pressure, by preventing 
upward motion of the rock near the caisson, restrains its lateral 
motion and thereby greatly increases its bearing capacity. 


DESIGN OF CAISSONS. 


There remains to be described the detail design of the caissons 
ior sinking. Each of the 20-foot circular caissons was designed 
with a dredging well 8 feet in diameter, leaving a shell 6 feet 
thick, reinforced at the inside and outside with 34-inch-square 
vertical rods and hoops. On the inside face annular recesses 
9 inches deep were provided at intervals for the purpose of having 
a good bond for the concrete which was later to fill the wells, and 
also for supporting bulkheads in case it became necessary to use 
compressed air. 

At the bottom the dredging well flared out and the shell nar- 
rowed to a wedge-shaped cross-section, shod on the bottom with 
a circular steel cutting edge. The cutting edge was riveted to 
radial steel frames imbedded in the concrete shell. The bottom 
of the shell was also strengthened by additional reinforcing. On 
the inside between the frames, steps were provided in order to get 
direct bearing against the concrete later filling the well, and also 
to permit of supporting the caisson during construction inde- 
pendently of the cutting edge. 

Each of the four rectangular caissons was designed with 
twelve dredging wells in two rows. The wells were made 10 feet 
wide and 11 feet 4 inches long, the exterior walls were 6 feet thick 
and the interior walls were 8 feet or more in thickness. All the 
walls were reinforced at both sides with one-inch-square horizontal 
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rods and %-inch-square vertical rods, and g-inch recesses were 
provided as in the circular caissons. The bottom construction was 
similar to that of the circular caissons except that the wells flared 
out more abruptly, giving a more obtuse angle at the bottom of tl 
walls, and the cutting edge was of a heavier and stubbier co 
struction. The interior walls were also shod with steel, bu 
rounded on the bottom instead of having the projecting edge | 
the exterior walls. 

The more slender, sharply pointed toe construction was use 
for the circular caissons, because their external surface was lary 
compared to their weight, indicating that they would be held up 
mainly by friction. The heavier, blunter toe construction wa: 
used for the rectangular caissons because their friction area \ 
relatively small, indicating that they would be held up mainly b) 
pressure on the bottom. The strength of the toes was checked 
up against various assumed inward and outward wedging pres 
sures, which indicated that they were amply but not excessive!) 
strong. The normal minimum amount of reinforcing in th 
upper part of the caissons was checked against unbalanced pre: 
sures both outward and inward, due to either the use of com 
pressed air or to unwatering the wells, and was found sufficient 

In the case of the rectangular caissons, special additional rei: 
forcing running longitudinally was provided to take care of ben 
ing or hogging stresses which might be set up during sinking [1 
order to make this most effective the general procedure {: 
constructing and sinking the caissons was established at the tin: 
of making the design, and was incorporated in the specifications 
The caissons were to be built up to a depth of 30 feet and allowed 
to harden twenty-eight days before dredging and sinking wer: 
started. The reinforcing for this 30-foot structure was designe: 
on the assumption that the bending stresses set up by unequa 
bearing on the bottom during sinking would be equivalent to thos: 
due to the bottom pressures varying uniformly either from a 
maximum at the ends to nothing at the centre, or from nothin; 
at the ends to a maximum at the centre. This gave tension at th 
bottom under one condition and at the top under the other 
No attempt was made to calculate the position of the neutral ax’ 
or to apply the theory of reinforced concrete beams, because th 
uncertainties involved in the problem did not warrant such refin: 
ments. Instead the tension in the concrete walls was found fo 
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each 5-foot layer, at the centre and at other points along th 
caisson, and sufficient reinforcing was provided in each layer to 
take this tension. In each layer only the minimum number of 
rods were carried the full length of the caisson, the additional 
rods being stopped at intervals as required. 

For the caisson above the 30-foot depth, the reinforcing was 
designed for the same assumption of distribution of bottom pres 
sure and for even 10-foot depths, but the weight of the caisson 
was considered as partly carried by friction on the sides and ends 
to the extent of 200 pounds per square foot on the part under 
ground, and by a uniform hydrostatic pressure on the bottom of the 
walls. Only 10 feet of the particular depth being designed was 
considered to be above ground, but an additional layer of 10 feet 
of green concrete was assumed as a superimposed load. The con 
struction was correspondingly limited by allowing not more than 
20 feet above ground, with a provision that the lower 10 feet of 
this must be seven days old before additional sinking occurred. 
The amount of reinforcing required above the 30-foot depth was 
relatively small, the minimum number of rods being sufficient 
in the upper lays. 

From levels taken after the construction of each of the first 
three 10-foot stages the initial stresses set up in the top and 
bottom of each wall were approximately calculated, and a contour 
of the cutting edge was determined which would give minimum 
stresses. This contour rather than a straight line was then used 
in the field as the normal position in which to maintain the caissons 
while sinking. 

No restriction was placed on the height to which the circular 
caissons might be built above ground, in fact it was believed 
necessary for sinking to have the amount above ground equal! to 
the amount below ground so as to overcome friction and that 
additional weight in the form of pig-iron would be necessary after 
the full length had been built. On the other hand no excess 
load was believed necessary to sink the rectangular caissons on 
account of their relatively small friction area compared t 
their weight. 

Finally stresses occurring in the rectangular caissons during 
the operation of the bridge were investigated. The shear on a 
horizontal plane was found to be large but perfectly safe because 
accompanied by so much compression. The shear on a diagonal! 
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plane at the front, however, is accompanied by little compression 
and would have been considered excessive were it not for the rein- 
forcing in the caisson walls. 


CONCLUSION. 


The foregoing discussion has perhaps brought out the impor- 
tance of the anchorages from the point of view of their design. 
From the point of view of the economy of suspension bridges 
anchorages are of vital importance. Suspension bridges are essen- 
tially economical structures as compared with other types for long 
span bridges, This economy, in terms of the cables, the towers 
and piers, and the suspended structure is very great indeed. If 
these elements only were considered, one might suspect from the 
result of comparative costs that some mistake had been made in 
the calculations. The mistake made would be that of neglecting 
to include the cost of the anchorages. Where nature has been 
kind enough to provide mountains at the two ends of the bridge, 
into which the cables can be anchored, the full economy of this 
type of structure can be realized. Otherwise the economy is 
somewhat reduced by having to construct massive artificial anchor- 
ages, costing from one-quarter to one-half as much as the bridge 
which stretches between them. 

As the anchorages of this bridge play such an important part 
in both the cost and the stability of the whole structure, it is very 
fitting that they will take their place along with the cables and 
towers as conspicuous features of the bridge seen as a whole, and 
as monumental structures, when viewed close to, dominating their 
immediate surroundings. It is also very fitting that they will 
receive the handsome architectural treatment which their impor- 
tance deserves, and one which so well brings out the function 
which they serve. 


II. CONSTRUCTION. 
BY 


MONTGOMERY B. CASE, B.Sc., M.Am.Soc.C.E. 


Senior Resident Engineer, Delaware River Bridge Joint Commission. 


THE anchorages are the outstanding architectural feature of 
the bridge over the Delaware River between Philadelphia and 
Camden. Rising 175 feet above the street level, the massive 
granite structures mark the ends of the main bridge. It was 
decided to build these anchorages in two stages because neither 


= es Oe 
Ionrure er encarta enree incest 


314 Montcomery B. Case. [J.1 


time nor funds were available to complete them and at the sa 
time permit work to proceed on the towers and cables. The fi: 
section or stage of the anchorage construction was therefore ma 
to consist of merely the foundations to bed-rock and the cent: 
mass of concrete with the necessary girders and eyebars to fas! 
the cables and resist, with a safe margin, the dead-weight of +! 
cables and suspended steel structure during erection. 

This program left sufficient funds available to proceed wit 
the work on the main towers and cables while the first sections 


North caisson, Philadelphia anchorage, looking east. Steel cutting edges. 


the anchorages were being constructed, and, with the additiona 
funds now made available, the work of completing the anchorag: 
may proceed in ample time to provide the additional mass 
counterbalance the roadway pavement and traffic loads when th 
bridge is opened in 1926. 

The first sections as now completed, both in Philadelphia a: 
Camden, are almost identical above the ground-line. They eac! 
cover about three-quarters of an acre, being 218 feet long a1 
148 feet wide. In Philadelphia, this structure extends from Dela 
ware Avenue to Front Street and extends down 63 feet to t! 
bed-rock and required 28,000 cubic yards of concrete in the fou 
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dations. In Camden, the bed-rock was reached at a depth of 104 
feet under the rectangular caissons, while one of the circular 
caissons was carried down 111 feet. These foundations required 
50,000 cubic yards of concrete. Above the foundations, each 
anchorage contains about 33,000 cubic yards. 

Contracts for the completion of the anchorages will be let 
during the coming season. Under these contracts the present 
structure will be entirely faced with granite, additional concrete 
will be placed over the anchorage girders, and the foundations and 


South caissons, Camden anchorage, looking west. 


walls of the towers will be built. While the towers are an essential 
architectural element of the structure emphasizing the ends of the 
main bridge, they will also house the passenger elevators that will 
be provided to operate from the street level to the bridge deck, 
100 feet above. 

The design of the construction plant was very similar on each 
side of the river. It was arranged to take advantage of water 
transportation for bringing the concrete aggregate to the job and 
for the disposal of the material excavated from the foundations. 

A trestle carrying both standard and narrow gauge tracks 
was built along each side of the site with a third branch through 


| 


316 Montcomery B. Case. [J.1 


the centre between the rectangular caissons. These tracks were 
connected by curves around the end so that locomotive cranes 
operated on the standard gauge tracks were able to reach all parts 
of the work. The narrow gauge tracks came together at the rive 
end of the site where they were carried on a double track trestle 
leading to the concrete-mixing plants and muck-dumping boards 
about 500 feet distant, at the river. The concrete and muck trains 
were hauled by gasoline locomotives. 

The concrete plants each consisted of two one-yard mixers 
with elevated bins and measuring hoppers. Two stiff leg derricks 
with clam-shell buckets were provided to fill the sand and grave! 
bins from barges delivered alongside. The cement was carried 
up to the level of the charging floor at the mixers on a belt 
conveyor from a storage shed of 1000 to 1500 barrels capacity 

Steel forms were used for both the rectangular and circular 
caissons, except for the inside forms at the bottom of the dredging 
wells where they flared out to the cutting edges. These were 
built of one-inch lumber bolted to the ribs which reinforced the 
cutting edges. On the rectangular caissons the steel forms pro 
vided for concreting a height of ten feet without shifting. The 
bottom edge was held by bolts embedded in the concrete of the 
previous lift and the top edge was stiffened and held in line by a 
light truss in the horizontal plane. Tie rods also extended across 
the walls to the forms for the dredging wells. 

It was known that old bulkhead walls existed between Dela 
ware Avenue and Water Street at the site of the Philadelphia 
anchorage. Test pits excavated before the buildings were demol- 
ished disclosed considerable timber cribbing of this nature. Some 
of it had evidently served as foundations for earlier buildings 
but most of it was probably wharf construction along the water 
front of Colonial days. Since buried timbers of any considerable 
size would offer a serious obstacle to dredging operations, the 
specifications provided that the site should be prepared by stripping 
so much of the overlying fill as found necessary to remove all old 
foundations and buried timbers. During these operations, hewn 
oak timbers 24 inches square were removed and the parts of a 
barge or boat framed with wooden pins were discovered. Th« 
excavation was levelled off at elevation —9.0 and at this level the 
original gravel bed extended about two-thirds of the length ot 
the caisson. The west curb of Delaware Avenue under the 
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bridge is at elevation zero on the Philadelphia City datum, which 
is used on the bridge. At the easterly or river end it was necessary 
to carry the excavation down to elevation —15.0 to remove all 
of the timber, and careful exploration with sounding rods was 
made for a depth of five feet below this level, after which 
the excavation was carefully backfilled with gravel from the west 
end of the lot. 

Some pumping was necessary during these operations, but the 
water level did not respond to the tides in the river, 200 feet 


Camden anchorage south caissons, looking west 


distant, indicating that the Delaware Avenue fill was composed of 
impervious material and that the river-bed was silted over suff- 
ciently to cut off flow through the gravel stratum. Drainage 
channels of broken rock and light wooden boxes leading to a 
pump sump located at one of the dredging wells were provided 
to take care of the ground water and keep the surface dry while 
the steel cutting edges were being assembled and riveted. 
Conditions on the Camden side differed in that the site was 
located in an old slip between two wharves, making it necessary 
to drive a steel sheet pile cofferdam along the river end. This steel 
sheeting was heavily coated with Bitumastic and will be left as 
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a permanent bulkhead. There was considerable débris and m 
to remove from the bottom of this slip, but no buried timbers, a: 
an excellent gravel stratum was uncovered and levelled off 
receive the cutting edges at elevation —12.0. On the surface th) 
prepared the steel cutting edges were assembled on light blocki: 
carefully levelled and the field splices were then riveted. 

The problem of providing for stresses in the rectangular ca 
sons during construction and before sinking was started, \ 
recognized and taken care of in the design and specifications 


Camden anchorage, looking west. Steel forms may be seen on the left. 


placing heavy reinforcement at the top and bottom of the fir: 
30-foot section and requiring that this 30-foot section be allow: 
to harden twenty-eight days before any sinking operations we: 
started. Each pouring of concrete was made in layers of at leas 
three feet in depth and these layers were bonded by transvers: 
keyways to assist the reinforcement in resisting horizontal shea: 
ing forces. 

The construction of the first ten feet of the caisson requir 
the greatest care because at this stage there was little beam dept! 
developed to resist unequal settlement, although the structur 


/ 


weighed about 2% tons per lineal foot of exterior cutting edg 
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Blocking directly under the cutting edge was avoided for fear this 
blocking would be forced down by the weight of the caisson before 
it could be removed. Support was therefore obtained by lowering 
the assembled and riveted cutting edges into a prepared trench 
and packing or tamping the soil back as uniformly as possible. 
\dditional support was obtained by placing three rows of 12-inch 
mud sills parallel with the cutting edges upon which were placed 
rows of posts bearing against the forms above. 

The first four feet of concrete, which weighed about three- 


Philadelphia anchorage, general view, looking southwest. 


quarters of a ton per lineal foot, had to be supported largely by the 
direct bearing of the cutting edge in the trench. The interior cut- 
ting edges for the division walls between the dredging wells being 
\'-shaped carried about twice as much weight per foot, but exposed 
twice the area for bearing so that the unit loads on the soil were the 
same. After the first ten feet of concrete were placed, sufficient 
beam action was developed to assist in resisting local deflections. 

As the concrete loads increased the posts were wedged up 
where the levelling observations indicated necessary. Great care 
was used to adjust the supports so that the lower reinforcement 
and steel cutting edge were always in tension and never in com- 
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pression. When the first 30-foot sections had been complet 
ready for the twenty-eight days of hardening, the caissons h 
at no time been deflected more than two inches from a straight |i: 
through the ends. Settlements of various amounts up to 18 inc! 
had taken place and the caissons were 8 inches out of level, | 
frequent levelling observations with readjustment of the suppo: 
ing posts had successfully avoided objectionable deflections. 

On one of the rectangular caissons in Camden this princip 
was carried a little too far and hair-cracks appeared in the concer: 


i 


Camden anchorage north caissons, looking west. Upper left circular caisson loaded wit 
iron sinking weight. 


running from the bottom up several feet at a point about one-thir 
of the length from the end. A readjustment of the blocking 
give more support at the third points was made, which was quick!) 
and entirely effective in reducing the deflections and closing tl: 
cracks. Calculations based on various assumptions as to the 
stresses set up by the observed deflection indicated that the rei: 
forcement had not been seriously overstressed, and this point 
never gave any further trouble. 

The profile of the cutting edges as observed and recorded a! 
the end of the 28-day hardening period was taken to represent a 
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condition of minimum stress and future profiles taken as the sink- 
ing progress were referred to this minimum-stress line. 

Sinking was started at the end of the 28-day hardening period 
by first carefully removing the posts and mud sills along the 
central portion of the caisson, next the supports were removed 
at the centre of the ends, and then at the corners. This was 
followed by undermining the cutting edges with hand shovels 
along the middle third of the caisson. After all timber had been 
removed from the dredging wells, the pump which had been in 
operation to discharge the water delivered to the sump by the 
underdrains was stopped and the ground water allowed to rise. 
Dredging by means of orange-peel buckets operated by locomotive 
trains was then started in the middle pockets. The muck was dis- 
charged into dump cars which were hauled over the trestle to the 
river, where they were emptied into barges for disposal. At first, 
the muck from the dredge buckets was dumped into a hopper from 
which the cars were loaded, but it was soon found that it was more 
satisfactory to load the cars directly from the dredge buckets 
and the muck hopper was dispensed with. 

The behavior of the caissons while dredging varied widely 
with the class of material being penetrated by the cutting edges. 
In sand and gravel, the caissons usually followed the dredging 
quite gradually, the motion seldom being perceptible to the eye, 
although a settlement of several inches might be observed within 
an interval of a few minutes. While dredging in clay or disinte- 
grated rock the caissons would frequently hold up until the excava- 
tion was ten feet or more below the cutting edge when, without 
warning, a sudden drop would occur and the cutting edge would 
plow the penetrated material to the centre of each dredging well 
where it could be more readily removed by the dredge bucket. It 
was quite an uncanny sensation to be on the caisson when one of 
these drops occurred. The sudden motion of so large a mass 
rather upset preconceived ideas of stability. There was no jolt or 
jar because the friction and cushioning effect of the penetrated 
material brought the caisson to rest gradually. There were drops 
of as much as four feet for the rectangular caissons. On the 
circular caissons this was frequently exceeded and one drop of nine 
feet forced the water in the dredging well out over the top. 

When the caissons hung up until the excavation was more 
than eight feet below the cutting edge, the dredging became very 
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tedious and expensive because the material supporting the caisson 
was in a berm along the cutting edge under the walls of the caisson 
and not under the dredging well where the teeth of the open dredge 
bucket could reach it. This objection could be readily overcome in 
future designs by making the walls of the dredging wells thin- 
ner so that the dredge teeth would reach out to the cutting edge, 
but this would be done at the expense of strength and weight 
Additional sinking weight would probably be required which 
would offset the saving in dredging expense. The tower foun 


Philadelphia anchorage, south rectangular caisson. Bed-rock in well No. 2. 


dations will have circular caissons with a thinner wall, so that 
the sinking of these caissons will give further information on 
this point. 

For this reason it was desirable to keep the caissons as heavy 
as possible so that they would force their way down and plow th: 
material to the centre of the well within reach of the dredg« 
bucket. After the first 30-foot section had been sunk so that th 
top was near the ground surface, an additional height of 20 fee! 
of concrete was placed, and after seven davs of hardening th: 
dredging was resumed. 

The south rectangular caisson in Philadelphia was started first 
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and hence much of the pioneering as to details of method were 
developed on this caisson. When this cutting edge had reached 
elevation —57.0 progress became very slow and various expedients 
were tried. Jetting with a three-inch pipe, carrying 125 pounds 
pressure on a 1%-inch nozzle, proved ineffective. Chiselling or 
picking with a 30-foot rail pointed with a steam-shovel tooth 
produced no results. Pumping out a portion of the water in the 
dredging wells to reduce the buoyancy of the caisson and give 
additional effective weight caused some sinkage, but the soundings 


Philadelphia anchorage, looking south. Anchorage girders and eyebars. 


showed that the water drawn in under the cutting edge was drag- 
ging in material from outside the area of the caisson. This was 
also shown by the settlement of the ground around the caisson at 
the east end and this settlement threatened the stability of the 
trestles on which the cranes were operated. 

While these operations were under way one of the circular 
caissons had been sunk to considerable depth, and although loaded 
with 200 tons of pig-iron, sinkage had become very slow. The 
dredge bucket was bringing up very small loads, which consisted 
principally of soft micaceous schist that could readily be crumbled 
in the hand. An examination in a diving suit showed that the 
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cutting edge rested on this soft micaceous schist all the way around 
and that the dredge bucket had dug a hole about five feet deep in 
the centre under the dredging well, the caisson being too light to 
penetrate farther and plow the material within reach of the bucket. 
The ground water was evidently partially cut off at the cutting 
edge, as indicated by the lowering of the water in the caisson by 
the dredging operations. It was decided to attempt to pump out 
the caisson to get additional effective weight by removing the 
buoyancy and with the possibility of reaching the cutting edge, 


Camden anchorage, north eyebars, looking northeast. 


so that the supporting berm around the circumference could be 
excavated with hand tools. The water was successfully pumped 
down to the cutting edge at the first attempt, and although the 
sinking of this caisson was not continued at that time, this method 
was later used‘on all of the caissons. 

With the information obtained on the circular caisson, it 
seemed feasible to pump out the south rectangular caisson. Care- 
ful examination by divers showed that the west end was resting 
on the soft rock while the east end towards the river was in sand, 
gravel and clay, the rock sloping down six to eight feet lower. 
The four wells at the east end were backfilled to a depth of about 
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ten feet with gravel and clay to restrain the material outside the 
caisson from dragging in under the cutting edge while pumping 
out the water. The pumping operations were started with cen- 
trifugal pumps, but after several days’ work, a clrange was made 
to reciprocating mine pumps, which proved more effective and 
could be more readily lowered. After more than two weeks of 
pumping the bottom was reached and immediate steps were taken 
to remove the soft rock where it was supporting the caisson, so 
that the sinkxage accomplished would assist in cutting off the 


Philadelphia anchorage, looking southwest. 


water. At times the quantity of water pumped amounted to eight 
or nine hundred gallons per minute. This large volume of clear 
cold water discharged from the pumps looked very inviting dur- 
ing the summer weather and was being carried home for drinking 
purposes by the residents in the neighborhood. After samples 
had been sent to the laboratory, notices were posted giving warn- 
ing that the analysis had shown the water to be highly polluted 
and dangerous to health. 

As the excavation progressed, the rock encountered increased 
in hardness very gradually. There was no sharp line between 
material that could be removed by a pick or jack hammer and that 
which required drilling and blasting. During the last few feet 
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of sinking, when the cutting edge was 60 to 63 feet below the 
curb level, the caisson was supported on timber posts to prevent 
it from following down as the supporting material was exca 
vated and thus doing local damage to the cutting edge befor: 
all of the rock could be blasted out to the full area of th 
caisson. These precautions were taken after some bending and 
breaking of the cutting edge had occurred. At this time it 
was possible to pass from one chamber to another under th: 
division walls between the dredging wells. When the rock had 


Camden anchorage, looking west. 


been carefully excavated to clear the entire cutting edge the sup 
porting posts were shot out and the caisson lowered to its final 
position. The rock over the entire area was then thoroughl) 
cleaned ready to receive the concrete which formed the foundation 
bed. Depressions of several feet were blasted in the rock to form 
a very rough and rugged surface to resist the horizontal component 
of the pressures on the foundation. 

Practically all of the water coming into the caisson entered 
under the cutting edge and not in springs through the bed-rock 
This water was led by gravel drains to the pumps located in two 
centre wells. Concrete was thus placed in the dry and thorough|) 
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packed under the cutting edge. It was carried up in this manner 
to a depth of ten feet, which entirely filled the enlarged chamber 
at the bottom of each dredging well. The pumps in the two cen- 
tral wells were then stopped and the water allowed to rise. These 
two wells were then concreted under water to a depth of ten feet 
through a tremie. After this concrete had hardened the water 
was pumped out and all of the wells were then concreted to the 
top of the caisson, which now formed a solid block of concrete 
40 feet by 125 feet from the bed-rock to the surface of the ground. 


Camden anchorage, looking east. Cable bent nearly completed. 


The Philadelphia anchorage caissons were sealed at an average 
elevation -63. The main pier, 700 feet to the east, reached the 
bed-rock at elevation —-65. On the Camden side the rock under the 
main pier was found at elevation —83, while the caissons for the 
anchorage pier, 700 feet farther east, were sunk to elevation —104. 

The Camden caissons were handled in a very similar manner, 
but with the advantage of the experience gained and somewhat 
more favorable soil conditions. While the bed-rock was much 
deeper, 104 feet instead of 63 feet, it was overlaid with several 
feet of soft disintegrated rock into which the cutting edges could 
be forced to cut off the flow of water before pumping was started. 
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This made it possible to bail the water out with large buckets made 
from old three-foot diameter shafting and swung from the loco 
motive cranes. The bailing avoided the slow, tedious process 
of staging down the pumps as the water was lowered, but whe: 
the caisson was unwatered two pumps were installed to take care 
of the seepage water which amounted to less than one-fourth th 
amount pumped on the Philadelphia side. After the bed-rock 
was exposed and cleaned ready for sealing, the water was drained 
in pipes from the wells in which the flow was greatest into a dr) 


Philadelphia anchorage, looking northwest from Delaware Avenue. 


well, where a pump was installed. This drain pipe was thi 
brought up ten feet or more above the cutting edge, and after the 
ten-foot concrete seal was placed, the pipe was capped and the wel 
sealed in the dry without the use of a tremie. No difficulty was 
experienced in holding the caissons on the desired locations while 
sinking. The cutting edges were placed in accurate position at 
the time they were assembled and the dredging operations in th 
various wells were so directed as to keep the caissons approx! 
mately level. 

Work on the circular caissons was carried on at the same time 
as that on the rectangular caissons. They were 20 feet in diameter, 
with an eight-foot dredging well, and had a V-shaped cutting 
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edge two inches thick built up of half-inch steel plates. These 
cutting edges were assembled directly on wood-blocking which 
was left in place when sinking was started. By placing the block- 
ing radially with about two-thirds of its length to the outside, the 
timber was forced to the outside and removed before it was carried 
down with the caisson. 

The circular caissons weighed about 600 pounds per square 
foot of surface exposed to friction. Deducting for buoyancy left 
less than 360 pounds per square foot effective weight to overcome 


re — ————— 


General view of bridge, looking northwest from Delaware Avenue, Camden. 


the friction when the top of the caisson had been sunk to the 
surface of the ground. To make the dredging most effective, it 
was desirable to keep the caissons built up ten to twenty feet 
above the ground surface as the sinking proceeded. Additional 
weight in the form of pig-iron and cast-iron blocks was also used 
in overcoming the friction. Such weight was not necessary on the 
rectangular caissons. When the cutting edge penetrated the dis- 
integrated mica schist the water was bailed or pumped out and the 
sinking proceeded in the dry with hand tools. After several feet 
of penetration in the disintegrated rock these holes were com- 
paratively dry by the time the solid rock was reached. In sealing, 
the concrete was placed rapidly so that the pressure of the concrete 
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overcame the hydrostatic head before an objectionable amount 01 
water accumulated. 

After the foundations had been completed, the building 0: 
the concrete mass above the ground line involved no particular!) 
new features. The upper three feet of the dredging wells wer 
poured with the superstructure to provide ample shear keys against 
the horizontal forces. All horizontal joints and vertical joints in a 
longitudinal plane were carefully keyed. The structure is, i: 
general, all mass concrete without reinforcement except through a 
few critical sections and under the bearings of the anchorage 
cable bents. 

The exterior surfaces, which are to be faced with granite unde: 
the next anchorage contract, are provided with projecting bonding 
rods of one-inch-square hooked reinforcing steel, spaced about 
one to each twenty square feet. These hooked rods will be 
imbedded in the concrete backing of the granite face and with 
the headers of the granite masonry should provide ample bond. 

Concreting operations were carried on during the past two 
winters with few interruptions.from cold weather. By heating 
the aggregate and mixing water to a temperature of 60° to 75° F., 
it was found that the mass would maintain a temperature of 40 
to 50° for several days after pouring when the air temperature 
was between 15° and 25°. It was usually found that the tem 
perature would rise 4° or 5° the first twenty-four hours afte: 
mixing, due to the chemical action of the setting of the cement. 

The work of setting and regulating the anchorage girders and 
eyebar chains involved a great deal of painstaking and tedious 
instrument work. The pit to receive the girders was a cylindrica! 
surface with the axis of the cylinder at an angle of 4314° from 
the horizontal. The backs of the girders lie on this cylindrical 
surface with the centre plane of each pair of girders radial. The 
eyebar chains were supported on steel falsework and carefully 
aligned before they were embedded in concrete. A clearance 0! 
1/32 of an inch was allowed between the pins and the pin-holes 
but particular care was taken to wedge the bars tight against th 
pins in the direction of the pull of the cables before the concrete 
was placed around them. A dense rich mixture of concrete with 
nominal proportion of one part cement, one and seven-tenths parts 
sand and three and four-tenths parts gravel was used in the ancho1 
pit over the girders and first links of bars. This mixture resulte:! 
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from adding one bag of cement to a six-bag batch of nominal 
1:2:4 concrete. The bottom of the anchorage pit, or lowest 
corner of the anchorage girders, is about level with the ground 
surface, so there will be little ground moisture for this concrete 
to resist. 

The main cables approach the anchorage at an angle of 8° 
from the horizontal and are deflected over the anchorage cable 
bents to an inclination of 45°, where they attach to the eyebar 
chains which are pinned into the girders at the bottom of the 
anchorage mass. The main section of the columns of the anchor- 
age cable bents is seven feet by eight feet in cross-section, with 
interior webs making them cellular, like the columns of the main 
towers. The lower section is flared out by stiffening webs where 
it bears against the steel castings which distribute the pressure on 
the concrete. The columns are braced midway of their height by 
a horizontal strut. 

The thrust from these inclined bents is carried down through 
the concrete pedestals at the forward or river end of the anchorage 
to the rectangular caisson foundations and will produce the maxi- 
mum foundation pressure when the bridge is completed and 
in service. 

At the top of these bents the cables will rest in saddle castings, 
which are machined to a 14%-foot radius where the cable bends 
down into the anchorage. This curved surface is also grooved 
longitudinally to conform to the shape of each of the strands of 
the cable that bear directly against the saddle. 

Temporary steel struts are provided to support the bent in its 
inclined position during erection. After the cables are in place 
these supporting struts will be removed. 


The Meaning of the Word “ Alum” is the title of a monograph 
of thirty pages by Austin M. Patterson, copyright 1924. Alum 
and its equivalents in modern European languages are derived from 
the Latin “alumen.” While the ancients applied the Latin alumen 
or the Greek stypteria to a number of astringent substances, it is a 
matter of dispute whether they were acquainted with any of the 
crystalline double sulphates now designated alums. The medieval 
alchemists knew crystallized alum, either or both potassium aluminum 
sulphate and ammonium aluminum sulphate. Alum is mentioned in 
English during the fourteenth century, for instance by Chaucer. 
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Both potash alum and ammonium alum are recognized by the Pharma 
copeeia of the United States. Soda alum (sodium aluminum su! 
phate) is far more soluble, less readily crystallized, and, therefor: 
more difficult to obtain free from impurities. The existence of 1! 
alum has been fully established. It has become an article of commer: 
since 1867; and several patents have been granted for its manufa 
ture. Dehydrated soda alum, designated S. A. S. (the initial lette: 
of sodium aluminum sulphate), has been the acid ingredient in m 
alum baking powders since 1900. 

The word alum is used in three senses: (1) Pharmacopceial alum 
especially potash alum; (2) the crystallographic family of the alums 
(3) aluminum sulphate in any form, alone or as a double salt. T! 
common meaning of alum is summarized in the following paragrayp! 
' “The term ‘alum’ as first used in English probably denoted : 
more than ‘an astringent mineral salt.’ As knowledge grew t! 
connotation of the term presumably narrowed to that of ‘a whitis! 
astringent mineral salt.’ This last expression represents pretty fair! 
the notion which the average person of the present day has of ‘ alun 
taken in connection with whatever he may know about its uses a: 
effects. If it has the color and taste which he associates with alu 
and if he is informed that it contains the same active ingredient, reacts 
in the same way chemically and has the same physiological effects, h 
will be likely to insist that it is ‘alum’ to all practical intents a: 
purposes, regardless of technical refinements.” ) A aR 

Microscopic Detection of Fortified Milk—Davin Wu 
Horn (Amer. Jour. Pharm., 1924, 96, 365) has devised the follow 
ing procedure for the detection of condensed milk in fortified milk 
i.e., the adulteration of fresh milk with condensed milk. Definit 
results were obtained when the ratio of condensed milk to fresh mil! 
in the fortified product was 1 volume to 60 volumes. The milk 
subjected to centrifugation in a lactocrit for ten minutes at a velocit 
of 2000 or 2100 revolutions per minute. A smear is made of the 
sediment, permitted to dry, and simultaneously fixed and _ stain 
by treatment with a solution of methylene blue in wood alcohol. Thi 
stained smear is washed, permitted to dry, and subjected to mic: 
scopic examination. The sediment from fortified milk contaii 
numerous foreign bodies which do not occur in the sediment 
normal milk, either raw or pasteurized. “In their appearance, thes: 
foreign bodies are suggestive of minute starch grains, and are readil 
distinguished from minute fat globules by their irregular forms an 
the fact that they take some of the stain whereas the fat globule 
remain colorless. Sometimes these foreign bodies give the visual 
impression of collapsed spheres, after the manner of red blood-cells 
but they are much smaller.” At times, centrifugation produces visib!: 
deposits of white solids from such fortified milks. 3. oy Bi. 


THE INFLUENCE OF STIRRING ON THE RATE AND 
COURSE OF DEVELOPMENT.* 


BY 


S. E. SHEPPARD and FELIX A. ELLIOTT. 
Research Laboratory, Eastman Kodak Company. 
PART II. 

IN a previous communication ' we have described an apparatus 
for investigation of the effect of rate of flow on the velocity of 
photographic development. The velocity of flow in these experi- 
ments did not exceed 3 cm. per second, corresponding to about 400 
r.p.m. of the stirring. It was stated that this velocity is still 
considerably below that used in continuous development of motion 
picture film. Before passing to conditions reproducing those in 
continuous processing, it appeared desirable to extend the results 
obtainable with the previously described apparatus and method; 
particularly because in some cases a tendency was observed for the 
velocity of development to increase at the highest speed then 
attainable. The apparatus was therefore modified to permit 
higher stirring velocities. The results of the experiments at 
higher velocities with four different developers are shown in the 
accompanying curves. Temperature was maintained constant at 
20° C. +0.1°. The general composition of the developer was 
as follows: 

Reducing Agent. M/20 
Na.CO; 50 gm. 
Na,SO; 50 gm. 


per 1000 ¢.c. 


Eastman portrait film was used in all the experiments. 

The gamma revolution curves for hydroquinone show some 
tendency to a maximum, but not pronounced. With the other 
three developers investigated, the velocity of development remains 
practically constant up to about 120 r.p.m. and then rises fairly 
rapidly to a well-pronounced maximum in the neighborhood of 
720 r.p.m. The reason for the observed increase in developer 
efficiency at the higher speeds is not apparent, nor the subsequent 

* Communicated by Dr. S. E. Sheppard, Acting Director. Published as 
communication No. 208 from the Research Laboratory of the Eastman 
Kodak Company. 

* Jour. Frank. Inst., June, 1923, p. 211. 
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falling off and return to a value approaching that at low speeds 
The production of turbulent flow, increased aerial oxidation and 
similar factors are being investigated, but do not appear to offer 
sufficient explanation. 
CHARACTERISTIC DEVELOPMENT CURVES. 

If the curves of the four given developers (Figs. 5 to 16) ar 
compared at the same stirring speeds, it will be seen that there is 
a definite change in type on passing along the series. 


Hydroquinone ——> Pyrogallol ——> p-Aminophenol —> E!on 


The density-time curve for hydroquinone shows a well-marked 
induction ; this becomes less evident in pyrogallol, and is absent 
with p-aminophenol and Elon. This corresponds to the divisio: 
of such developers by A. Watkins? into “low” and “ high’ 
factor developers. This change in the type of the curve shows 
that simple functions of the type 


Do . 
(a) t/t log sp = K 
Do : 


as developed by Sheppard,* Nietz and others,t can only 
regarded as giving a very approximate description of the cours 
of development. The fact that such formulas find considerablk 
use and value in sensitometric practice may be partly accorded | 
the general use of blended developers, Elon-hydroquinone, Flo: 
pyrogallol, or of pyrogallol alone, for which the fitting by such 
functions is fairly good. In the blended developers, at normal 
temperatures, compensation is effected by which the initial induc 
tions and later deduction (retardation) effects balance out to some 
extent. The existence of definite differences in type of functio: 
with different reducers makes it desirable that these factors b 
investigated and determined separately ®° and work on this is now 
in progress. 


*“ Photography: Its Principles and Application,” p. 92 (Constable and C: 
London, 1911). 

*S. E. Sheppard, Proc. Roy. Soc., 74, 457 (1904). 

*A. H. Nietz, “ Theory of Development,” Monograph No. 2, Eastmar 
Kodak Company and Van Nostrand (1922). 

*Cf. S. E. Sheppard, Phot. Jour., 43, 136 (1919) ; also S. E. Sheppard and 
F. A. Elliott, “ Knowns and Unknowns in the Theory of Development,” in t 
Physical Chemistry of the Photographic Process, Trans. Faraday Soc., 19, 
gas, Pt. @ 
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Density-time curves for a pyrogallol developer stirred at 1540 r. p. m. 


FIG. 10. 
40 
| 
| 
| 
so} ++ 
| . 
10 
| | —-+4+-==$ #9 
—-—_ | #8 
2 } oe ee ee S'S 
s2- TFA <4 
yy | | > 
é J at Soe ae eae 
oe ae 
— — 
0 = 
Se ee P Fog 
00 


i a 2.9 6 8 10 12 14 16 
Time of Development in Minutes 
Density-time curves for a pyrogallol developer stirred at 3080 r. p. m. 


339 


340 


S. E. SHEPPARD AND F. A. ELLiorr. [J.1 


Fic. 11. 
40 
30 = 1 
Lo o 
—] Seg eee *8 
Att 
ee WE cugiat | *6 
S 20 oo et b*5 
: 3 eA AS 
>¥ 3 
Y/ 3 ela #2 
a —-—45 1 
ot eS on th 
rt 
——% Fog 
= 16 


me ae & 6 8 10 12 14 
Time of Development in Minutes 
Density-time curves for a p-aminophenol developer stirred at 720 r. p. m 


Fic. 12. 
40 | 
| | 
oa i 8 +10 
| St 
Vg OO eae hi 
oe gee | —o* 7 
2 CA -—_{__ | __4#6 
i we ioe ee 
rs) A AH 
Z os cas ae + 
Yy en ot OE "Y 
10 Lam os ‘. 
= Z= = 
Fog 
00 


8 10 12 14 =16 
Time of Development in Minutes 
Density-time curves for a p-aminophenol developer stirred at 1540 r. p. m 


> 
2) 


1 2 


Sept., 1924. ] 


- 
Ps 

c 

& 

mn) 


fh 
| 
THE INFLUENCE OF STIRRING. 341 ‘ 
i 
FIG. 13. 
40 

30}-+-|-— 
| i 
4 

oq | 

ss | #6 


Density-ti 
Fic. 14. 
j | i > */0 
| 2 oom ate Be #9 
IU ra 4 ] | 

| o* 8 
; / | | a 
“. , | | *6 
= | 9 #5 
ra | | phe 
| p #3 
a Sh ae 
— a = —4 ot 

2 oe 

on cee ee 
| Frog 
| | ~ 

| | 

| a 
2 


Ye) Fm = 
SS + 6 8 10 12 14 16 


Time of Development in Minutes 


e curves for a p-aminophenol developer stirred at 3080 r. p. m. 


2 4 6 8 10 / 14 16 
Time of Development in Minutes 
Density-time curves for an Elon developer stirred at 720 r. p. m. 


00 


ah 


E. SHEPPARD AND F. A. ELLiorr. [J.F.1 


i. 4. 


o 6 8 10 12 14 
Time of Development in Minutes 


16 


Density-time curves for an Elon developer stirred at 1540 r. p. m. 


Fic. 16. 
™ 2 ee ee 
‘ess | 9*10 
30 2 ee a aaa r* + ———_—_+—__— te) 
o* 8 
‘ #7 
o ; *6 
g 20 —r ? 6 + . ba5 
Q | c > # 
* o i 
/ +e 
LO : Z } | —9*2 
} fA > #/ 
Vis / o * 
; | —_t——§— Fog 
00 1 
r £ 4 6 8 10 12 14 16 


Time of Development in Minutes 


Density-time curves for an Elon developer stirred at 3080 r. p. m. 


Sept., 1924. ] THE INFLUENCE OF STIRRING. 343 


SUMMARY. 

(1) Data are given exhibiting the effect of stirring velocity 
upon photographic development (contrast) up to high velocities, 
of the order 40 cm. per second. 

(2) Data are given showing progressive change in the type of 
curve (velocity function) for the course of development on pass- 
ing from developers of low Watkins’ factor to those of high 
Watkins’ factor. 

(3) This progression is independent of stirring velocity 
and is determined by constitutional differences in the reduc- 
ing molecules. 


Motor Trucks for Milk Transportation. (Clip Sheet No. 320, 
U. S. Department of Agriculture, August 11, 1924.)—The motor 
truck is now the most important agency for transporting milk from 
producer to city distributor, according to the Bureau of Public Roads. 
The bureau has recently completed a survey of milk transportation 
for eight large cities and has found that the motor truck, which first 
entered the field in 1913, when most of the milk was transported by 
rail and the remaining portion by wagon, is now the major factor in 
the field. 

Of the total amount of milk delivered to the cities investigated 
the amounts delivered by motor truck were as follows: Baltimore, 
45 per cent.; Philadelphia, 20 per cent.; Cincinnati, 97 per cent.; 
Detroit, 88 per cent.; Milwaukee, 87 per cent.; St. Paul and Minne- 
apolis, 94 per cent. ; and Indianapolis, 94 per cent. 

This form of transportation has been of great benefit in develop- 
ing new milk-producing territory for growing cities and has given the 
farmers a more satisfactory means of delivering their product. The 
milk moves directly from the farmer’s gate to the city’s bottling plant 
instead of being delivered to the steam or electric railroad station, 
hauled by rail, and then delivered from the city terminal. 

In the Baltimore area a farmer’s coOperative trucking association 
has been organized with a city warehouse, where the milk trucks call 
for a return load of farmers’ supplies. 


Peat Produced in the United States in 1923.—The peat pro- 
duced in the United States in 1923 amounted to 61,355 short tons, 
valued at $376,834, according to a statement issued by the Department 
of the Interior, based on figures compiled in the Geological Survey 
by K. W. Cottrell. The quantity was greater by 675 tons, or less 
than 1 per cent., than the output in 1922, but the value was $20,895, or 
5 per cent., less than the value of the output in 1922. 


SPECTROSCOPY AND BOHR’S THEORY OF 
ATOMIC STRUCTURE.* 


BY 


PAUL D. FOOTE, Ph.D. 


Physicist, Bureau of Standards. 


AN interpretation of the structure of atoms must be based 
upon a vast accumulation of experimental data much of which is 
at variance with our previous physical conceptions. There is littl 
doubt that an atom may be considered as a miniature planetary 
system consisting of a positively charged nucleus about which 
negative electrons revolve. The charge on the nucleus is +7Ze 
where Z is the atomic number of the element, and the number of 
planetary electrons in a neutral atom must be equal to Z. The 
mass of the nucleus is so much greater than the combined mass 
of all the electrons that, except for problems of finer analysis, it 
may be considered as infinite. The motion of any one electro. 
therefore, should be determined by the nuclear charge Ze and 
the perturbing effects of the other electrons. These conclusions 
are the direct result of experiments on X-rays, investigations 0! 
collisions between 2-particles and atoms, and spectroscopic analysis 

However, although the atom is a complicated planetary sys 
tem, it is entirely different from the ordinary planetary systems 0! 
astronomy in that its total energy under given external conditions 
appears to be independent of its past history. All the atoms having 
nuclei of the same charge and mass are apparently identical 
While any continuously variable amount of energy could be com 
‘municated to an astronomical system by collision with a sufficient!) 
large meteor, it is found experimentally that in general only per 
fectly definite quantities of energy may be absorbed by an atom 
Furthermore, soon after absorption of some precise amount 01 
energy, which may be abstracted from the kinetic energy of a1 
impacting electron or may be secured by absorption of radiatio: 
from an external source, the atom emits this energy as one 0! 

* Presented at a meeting of the Institute held February 14, 1924. Published 
by permission of the Director of the Bureau of Standards, Department 
Commerce. 
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more monochromatic, spectral lines, and returns to its initial or 
normal state. 

It is impossible to describe here the many experiments in criti- 
cal potential measurement, excitation of spectral lines by electron 
impact and by temperature, absorption spectra, X-rays, general 
spectroscopy, etc., which have necessitated a departure from the 
usual procedure of the classical electrodynamics and have led to 
the development of the quantum theory of spectroscopy * and 
to speculations on atomic models. Our present interest is confined 
to a consideration of the schematic representations of the models 
which are suggested by spectroscopic data. Even here the amount 
of evidence is of such a varied nature and so replete with small 
details that the problem can be discussed only in the most super- 
ficial manner. 

HYDROGENIC ATOMS. 


We shall first consider a hydrogenic? type of atom having 
a positive nuclear charge Ze about which a single electron of 
negative charge —e revolves. A revolving electron undergoes 
acceleration, and, according to classical electrodynamics, an accele- 
rated electron radiates energy. An atom of this type therefore 
could not be permanent but would gradually radiate all of its 
energy as the electron spiraled into the nucleus.’ In order to 
interpret the permanence of such an atom Bohr assumes that an 
accelerated electron does not radiate. With this assumption, we 
have the simple two-body problem of classical dynamics. The 

*Bohr, “The Theory of Spectra and Atomic Constitution,” Cambridge 
University Press. “ Line Spectra and Atomic Structure,” Ann. d. Physik., 71, 
228-288, 1923. Bohr and Coster, “ X-ray Spectra and the Periodic System of 
the Elements,” ZS. f. Phystk., 12, 342-74, 1923. Sommerfeld, “ Atomic Struc- 
ture,” English translation, Dutton. Foote and Mohler, “ Origin of Spectra,” 
Chemical Catalog Co. 

* Note this definition of the term “hydrogenic.” An atom need not be 
hydrogen to be hydrogenic 

* On the classical theory this would occur unless energy were supplied to the 
system to compensate for the dissipation by radiation. Van Vleck, in a letter 
to the writer, states that the absorption of temperature radiation, while not 
sufficient for complete statistical equilibrium, is still of greater importance 
than is at first sight apparent. The assumption on the quantum theory that an 
accelerated electron does not radiate, at least in a “ stationary state,” has been 


discussed by Bohr in great detail, both from the physical and philosophical 
standpoint ; cf. “On the Application of the Quantum Theory to Atomic Struc- 
ture,” Cambridge Philosophical Society, 1924. 
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electron revolves in an elliptical orbit of semi-major axis a with a 
frequency w expressed by the following relations : 


of =2k. a= tZ 3 
Oo NetemZ ~ on 


where E is the energy of the system and —E is the work required 
to remove the electron to an infinite distance, which may be deter- 
mined experimentally by measurement of the ionization potential 
Examples of this simple type of atom are hydrogen, singly ionized 
helium, doubly ionized lithium, etc. The spectra of the first 
two are well known, and empirically are found to obey the 
general formula, 


I I 
a . ree . 
v=Z*R EE: an | 2 
where v is the wave number of a spectral line; n’’ and n’ are 
integers, and FR is the so-called Rydberg constant. If we multiply 
equation (2) by —hc (h= Planck’s constant of action; c= velocity 
of light) all the terms reduce to the dimensions of energy, and 1! 
we assume that one quantum of energy is emitted by an atom 
during a single process of radiation, the loss of energy must 
amount to /ic.. Such a condition would obtain if —Z? R hc/(n')? 
represented the energy of the system before the radiation was 
emitted and —Z* R hc/(n’’)? the energy after the emission. Let 
us therefore define the energy of the mth state as follows: 
. Z*Rh 
Energy of nth state = E, = — - — 
n 
Substituting this in equation (1), we obtain for the frequency of 
revolution of the electron 
ee |, We 
sl \ 2x2 e4m 
The frequency cv of the radiation emitted for values of n” and 
n’ large compared with their difference An, approaches, as is seen 
from equation (2), the relation 


mel 2RceZ 


a—~ i « 5 
n 


Frequency of radiation = v, = ¢ 


If n” and n’ refer to neighboring states, Am=1, and we find 
on comparison of equations (4) and (5) that the frequency of the 
emitted radiation approaches the frequency of revolution of th 
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electron in either state provided the radical in equation (4) is 
unity, so that 
_ 2ntetm 
hic 


(6) 


This later expression is confirmed; the values of the universal 

constants on the right, determined by methods independent of 

spectroscopy, yield the empirical or spectroscopic value of R. 
From equations (4) and (5) we find that the 


Frequency of radiation = w, An for large values of n. (7) 


The motion of the electron revolving in an elliptical orbit with 
the nucleus at the focus can be represented by a Fourier analysis 
as a series of terms containing the fundamental frequency of revo- 
lution and all the harmonics or overtones, w, 2, 3w, etc. On the 
basis of the classical electrodynamics these frequencies should be 
emitted simultaneously by the atom. According to the quantum 
theory, equation (7) shows that, for large values of the integer n, 
a single overtone is emitted during each radiation process, and the 
complete spectrum is produced by the integrated action of many 
atoms. While the physical conceptions underlying the two 
hypotheses are entirely different, there is a statistical correspond- 
ence for the small frequencies or long wave-lengths. The quan- 
tum theory approaches the classical theory, in its statistical 
relationships, as the wave-length of the radiation approaches that 
employed in wireless transmission. An analogous situation occurs 
in the theory of black-body radiation where the quantum and 
classical expressions for the energy distribution in the spectrum 
give the same numerical results in the region of great wave- 
lengths, while the classical treatment is entirely insufficient for 
the higher frequencies. 

The facts of empirical spectroscopy have therefore led Bohr 
to the conclusion that a hydrogenic atom always possesses some 
unique amount of energy given by equation (3), where » is an 
integer, known as the chief quantum number. From equations 
(3), (2) and (1) we obtain for the orbital constants 

_ BRhe ent 


E =,— he = — , a= (8) 


n? 2Rhc Z 


The quantity v is the wave number corresponding to the mth 
variable term in the empirical spectroscopic classification. For 
hydrogen the series of v-values are given by R/n?. The minor 


« 


ee 


348 Paut D. Foore. (J. F 


axes of the elliptical orbits may have any magnitude since the 
energy is determined by the smgie quantum number » which by) 
equation (1) fixes the value of the major axis only.* In the norma! 
state, the hydrogenic atom assumes a configuration where the elec 
tron moves on an orbit of the lowest quantum number, as here the 
energy is a minimum and the stability, from the quantum 
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Schematic illustration of the correspondence principle. 


dynamical standpoint, attains its highest value. This corresponds 
to n= I in equation (8) so that the semi-major axis a, (or radius, 
since, as we shall see, the orbit must be circular) for the normal 
hydrogen atom is 

a, = he = §.29°10°9 cm. 

The correspondence between v, the frequency of the radiation 
emitted, and w, the frequency of the revolution of the electron 
has been illustrated graphically by Lorentz in his California lec 
tures. In Fig. 1 the ordinates represent energy of the hydrogen 
atom and the abscissas, the chief quantum number characterizing 
the state. The plotted circles refer to the energies of the various 
stationary states, obtained directly from the spectroscopic dete: 
minations of the variable terms ». When the radiation is pro 
duced by a transition of the electron between two adjacent 


*This’ statement applies for an ideal or hypothetical atom. It will 
modified, presently, for the actual hydrogenic atom. 
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stationary states, the slope of the line, joining these states, divided 
by A, is the frequency of the emitted radiation. The hydrogen 
line H, is indicated on the diagram. The frequency of revolu- 
tion of the electron in each of the two states concerned is the slope 
of the tangent to the curve at the corresponding points, divided by 
h. The slope of the chord is intermediate to the slopes of the two 
adjacent tangents and the three slopes approach the same value 
asymtotically as the quantum number increases. 

The development so far applies on the assumption of a strictly 
Coulomb field. Only one fundamental frequency is present, the 
frequency of revolution of the electron in any particular stationary 
state, and hence the single quantum number 1 is sufficient for the 
fixation of the energy. If in addition to the Coulomb field we have 
a perturbing central force, an additional frequency is introduced. 
This new frequency arises in the perturbing action of the extra 
field which, as can be shown by mathematical analysis, causes a 
uniform precession of the motion in its orbital plane, the preces- 
sional frequency being represented by 7. When two fundamental 
frequencies occur in the motion, two quantum numbers and k 
are required for the fixation of the energy and the characteristics 
of the orbit. The additional integer k is known as the azimuthal 
quantum number and kh/2z is the total angular momentum of 
the system. 

If the perturbing force is small, the orbit may be described as 
an ellipse, the major axis of which slowly precesses with the 
frequency «. [Exactly this state of affairs exists in the hydrogenic 
atom. The electron describes an elliptical orbit with varying 
speed, relatively slowly at aphelion and very rapidly at perihelion. 
On relativistic mechanics the mass of the electron is therefore 
changing in accordance with the relation m = m,/+/I — v*/ct where 
v is the speed, c the velocity of light and m, the mass at rest. 
Mathematically the relativistic mechanics may be replaced by 
Newtonian mechanics with the addition to the Coulomb field of a 
perturbing central force.” The quantum number k made neces- 
sary by the precession o arising in the perturbing field may be 
introduced by different mathematical methods, all of which lead 


* Strictly considered, a transformation in the scale of time should be made, 
as Van Vleck has kindly pointed out to the writer. However, even if we dis- 
regard this, the assumption of a perturbing field gives the correct shape of orbit 
and the correct energy, after quantization, which are the points of chief interest. 
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to the same conclusions. The electron must revolve on precessing 
ellipses with definite major and minor axes and the energy of the 
atom in any stationary state will depend upon both n and { 
as follows: 


Z Z Rhe eZ? (fn 3 
E,k = — ee [1+ S (;-4)+ epeée | I 
where 
ae = “< = 5.31 - 10-5 
e nn? n? 


Semi-major axis = a = SRhe Z = *Z i 

See ae : i M2 e c k?2 

Semi-parameter = p = hic 5 a, Z 12 
k 


Semi-minor axis = ) = a 12 


Only two of the three equations (11) to (13) are independent; 
the ellipse may be specified by any two of the constants a, p, and 


Fiac. 2. 


Orbits in hydrogen to nm = 4. 


b. The main portion of the energy is determined by the chiei 
quantum number since the second term in brackets in equation 
(10) is very small. If now we put the difference in energies for 
two stationary states equal to —ha, not only is every line in the 
spectrum of atomic hydrogen and ionized helium accounted for, 
but the observed fine structure of the lines may be interpreted 
The complex structure of each line as revealed by a spectroscope 
of very high resolving power is due to the small effect produced by 
changes in the integer k. The various possible elliptical orbits for 
the hydrogen atom up to m= 4 are shown in Fig. 2. These are 
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characterized by the notation n,. The orbit for the normal state 
is a circle with the designation 1,. When the electron occupies an 
orbit of higher quantum number we describe the atom as existing 
in an excited state. Experiments show that most excited states 
may be occupied on the average for only 10~ to 10° seconds. 

Up to the present time attempts at quantization have been suc- 
cessful only for motions which are conditionally periodic. A 
Lissajous figure in which the horizontal and vertical frequencies 
are incommensurable, and the precessing orbit of the electron in 
hydrogen are excellent examples of the type of problem which 
can be treated. As far as kinematics is concerned, each of these 
motions may be made periodic by imposing proper conditions on 
the frequencies of the codrdinates. 

Systems which are thus quantizable have certain generalized 
coordinates + of the type +; = wt + 0;, where w;and 6; are con- 
stants, such that the energy E is a function only of the correspond- 
ing generalized momenta, which we shall call /,,/,,...7,. Further, 
these coordinates possess the property that a change of any one 
of them by unity leaves the configuration of the system unaltered. 
That is,w has the significance of an actual frequency of the motion. 
If we pass from one given configuration to a neighboring one 
characterized by different values of the /’s, the difference in ener- 
gies of the two systems is given by 

ak dE dE 


dk = al, dI, + a1, 0? 7 al 


Hamilton’s equations of the type 


GE : 
Op; ‘ae. 
show that 
OE dx; 
* he Mane 
Therefore 
dE = wd, + wd], +--+ w,dI,. (14) 


In the systems which we shall discuss, the quantities w; have the 
significance of frequencies of revolution of an electron, frequen- 


cies of orbital precession, etc. 
Bohr’s quantum postulates assert that only those states exist 
in nature for which J/,=, h ...I1,=n,h. Suppose for the 
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purposes of our calculations that the quantum numbers are con 
tinuously variable; then from equation (14) 
dE = heydn, + hw.d ny + e S-9 


For an atom with two fundamental frequencies w and a, thi 
becomes 
dE = hwdn + hodk 15 


Also 
dE dE 
dE = dn — dk 
on + Ok 
so that 
P ‘ ‘ ‘ ‘ 1 dE 
Frequency‘ of revolution of electron in orbit = w = os i¢ 
on 
. : ‘ , ‘ 1 dE 
Frequency of precession of major axis = ¢ = h ob 
Cc 


Thus using equation (10) for the energy and calculating 


we find that 


which agrees with equation (4) if we recall that the radical ther 
has the value unity. Evaluating in a similar manner the preces 
sional frequency, we obtain, 
a’Rce Z4 
n® k® 


and 


w/t = 2k? /a? Z 


Table I gives the complete data computed from the preceding 
formulas for the orbits of hydrogen (Z=1) up to n= 4. 

The ratio w/o is the number of revolutions which the electro: 
makes while the major axis precesses through one complete cycl: 
of 360°. This, as appears from equation (20), is independent 
of the chief quantum number. For all orbits of azimuthal quan 
tum number k= 1, the electron makes about 38,000 revolutions 
while the major axis precesses once around, or the precession pet 
revolution is about 0.01°. The precession per revolution of th 
orbits for which k= 3 is about 0.001°. Such small precessions 
obviously can not be represented in Fig. 2. To all practical put 
poses these orbits are closed ellipses as there drawn. 


*w refers to frequency in a reference system which revolves with th 
frequency of precession. 
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TABLE I. 
Hydrogen Orbits (Dimensions are in terms of a, = 5.286-10-%cm.). 
ne a b p w-10°'4 o:to-® w/o 
Ii I 1 I 65.78 1746. 37,790 
21 4 2 I 8.222 218.3 37,700 
22 4 + 4 8.222 54-57 150,700 
3; 9 3 I 2.436 64.68 37,700 
dy 9 6 4 2.436 16.17 150,700 
3, 9 9 9 2.436 7.187 339,300 
4, 16 4 I 1.029 27.29 37,700 
4e 16 8 4 1.029 6.822 150,800 
4, 16 2 9 1.029 3.032 339,300 
4, 16 16 16 1.029 1.705 603,200 


ATOMS WITH SEVERAL ELECTRONS. 


We have seen that the various spectral lines of hydrogen or 
ionized helium are obtained by differences of two variable terms 
of the type y = KR Z*/n?. The lines of the more complicated ele- 
ments also have been found empirically to be given by the differ- 
ences between two variable terms which may be expressed with a 
fair degree of approximation as follows: 

RZ 

“7 (n + ¢)* nisi 
However, instead of having a single group of terms, as with 
hydrogen, several different sequences are found corresponding to 
different values of the constant ¢. This condition is also true 
for hydrogen if we take account of the fine structure of each indi- 
vidual line. The various sets of components of the fine structure, 
due to relativity or to a perturbing central force, in a hydrogenic 
atom, are explained by changes in the quantum number k of 
equation (10). These differences in hydrogen or helium are too 
small for observation with an ordinary spectroscope, but with 
the more complicated atoms they become very large, indicating 
the presence of a perturbing force many times greater than that 
which may arise from relativity of mass. Such a perturbing field 

is due to the presence of other electrons in the atom. 
sv the methods of empirical spectroscopy the different variable 
terms in complicated spectra have been correlated in sequences of 
the type illustrated by equation (21) and for convenience of refer- 
ence names have been assigned to each sequence. Thus in the 
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alkali spectra we have the ms, mp, md, mf, mg, etc., sequences 
of variable terms, where m is an integer, but one which differs 
from the value of m in equation (21), since these terms wer ; 
named before their physical significance was apparent. As ar 
illustration, the variable terms for the lithium spectrum are listed 
in Table IT. 

TABLE II, 


Variable Terms of Lithium Spectrum. 


Is | 43484.45 


2s 16280.53 2p 28581.36 

3s 8474.15 3p 12559.93 3d 12202.50 

4s 5186.87 4p 7016.99 4d 6862.53 4f 6855.49 
5s 3499-59 5P 4472.85 5d 4389.25 5f 4381.23 


6s 2535-35 6p 3094.45 6d 3046.93 of 


Combinations between these variable terms (and higher terms 
in the sequences, which have been omitted from the table) give 
every line of the lithium arc spectrum. For example, the red 
lithium line A 6708 A. is Is— 2p. However, certain combinations 
do not appear, at least in the absence of an outside electric or 
magnetic field. The same state of affairs is found upon a close: 
examination of the fine structure of lines emitted by hydrogeni 
atoms. Here certain components are absent which according to 
equation (10) correspond to changes in the quantum numbers 
differing from +1. The non-existence of such components under 
ordinary excitation is due to a restriction on the amount of angula: 
momentum which may be carried away from the atom by a sing 
quantum of radiation. The principle of conservation of angular 
momentum is held valid for the system composed of the atom and 
the quantum. By applying this principle to the spectra of non 
hydrogenic atoms, it is possible to assign a definite azimuthal! 
quantum number & to each group or sequence of variable terms 


as follows: 


Term k 
ms I 
mp 2 
md 3 
mf 4 
mg 5 
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Hence except in very strong electrical discharges, where disturb- 
ances arise on account of the presence of the applied field or the 
fields of neighboring ions, we should not expect to observe lines of 
the type v = ms—m’'d,v=mp—m'f, »=ms—m’s since for these 
the change in k is two units or zero. This observation is con- 
sistent with experiment. 

An atom of an alkali metal has one electron which may be read- 
ily removed. This is shown by the existence of numerous 
compounds in which sodium, for example, occurs as the positively 
charged constituent, having a positive charge of unity, as is proved 
by electrolytic data. The fact is also confirmed by the ease with 
which sodium vapor may be ionized with the formation of singly 
charged positive ions, and by a vast amount of other evidence of 
varied nature. It is relatively difficult to produce double ionization 
in sodium. The fact that an electron may be readily removed from 
an alkali atom suggests that it revolves in an orbit a considerable 
portion of which extends beyond or protrudes from the underlying 
structures traced out by the other revolving electrons. If this 
valence electron could revolve in an orbit which at all points were 
relatively far-distant from the rest of the atom (or atom-kernel, 
as it is termed), it would be acted upon by practically the same 
attracting force as exists in the hydrogen atom for a corresponding 
orbit. At sufficiently large distances, the ten remaining electrons 
of sodium and the nuclear charge of 11 should give practically 
a Coulomb field with a net nuclear charge of unity. Changes in 
the stationary states of the atom produced by transitions of the 
valence electron between two very large orbits should therefore 
give rise to spectral lines which do not differ materially from those 
found in hydrogen. 

The semi-parameters for hydrogen orbits for which k = 4 and 
3, as follows directly from equation (11) where Z=1, are 
16a, and ga,, respectively. An upper limit for the radius of the 
sodium ion is obtained from X-ray crystal analysis, by which the 
distance between the sodium ions in a crystal such as NaCl may 
be directly measured. Davey’s observations show that the ion- 
radius is not greater than 2.2a,. Since the semi-parameters for all 
orbits characterized by k = 3 or 4 are several times this, one may 
conclude that in the stationary states corresponding to the md 
and mf terms, the valence electron revolves far outside the atom- 
kernel in a hydrogenic field of practically unit charge. 
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The next element in the periodic table is magnesium, which ha 
two valence electrons. If one of these is removed the structur 
should resemble that of sodium. Interorbital transitions of th 
remaining valence electron give rise to the first spark spectrun 
or to the spectrum of Type 11, the spectrum of Type 1 being that 
of the neutral atom. If the valence electron of sodium may 
revolve in a field of one charge, the single valence electron 01 
ionized magnesium should revolve, for large orbits, in a field o 
two charges, since the net kernel charge of magnesium’ is + 2: 
Accordingly, as follows from equation (8), the wave numbers for 
the md and mf terms of Mgtt should be 4 times the corresponding, 
terms for Nat. The justification for this conclusion is shown b) 
Table III, in which the empirically determined terms are tabulated 


TABLE III. 


Variable Terms in Nat and Mgt. 


Term. Nal | Mair Ratio. 
3d 12274.46 49773-4 4.055 
4d 6896.82 27953-9 4.053 
5d 4411.48 17844.8 4.045 
6d 3061.95 12364.9 4.038 
4f 6858.62 27464.82 4.004 
5f 4388.62 17574-57 4.005 
of 3039.73 12200.86 4.014 


The field being practically hydrogenic, each term of Table II! 
for Nar should correspond numerically with some hydrogen term, 
and each term for Mgt should correspond to some term of ionized 
helium, Hert. Table IV illustrates this correspondence. 


TABLE IV. 

Term. Nal H n Term. Mel He n 
3d 12274 12186 3 3d 49773 48765 3 
4d 6897 6855 4 4d | 27954 2743! 4 
5d 4411 4387 | § 5d 17845 17556 5 
6d 3062 3047 | 6 6d 12365 I2191 6 
4f | 6859 6855 | 4 4f 27465 27431 
5f 4389 4387 | 5 5f 17575 | 17556 5 
of 3040 3047 | oi. ¢@ 12201 121g! 6 


The close agreement between these terms and the correspond 
ing ones in H or Heit, for which the chief quantum numbers » 
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are known from equation (8), justifies the assignment of the same 
chief quantum numbers to the md and mf terms of Nat and Mg11. 
Since by equation (13) the minimum value of # possible is n =k, 
in which case the orbit is a circle, we see that this assignment of 
chief quantum numbers for the md and mf terms is consistent with 
the earlier allocation of the azimuthal quantum numbers k to 
these terms. The md sequences of Nat and Mgt should begin 
with the 3d terms listed, as is empirically the case, and these orbits 
are circles of the type 3,. The 4f terms likewise refer to circles 
of the type 4,. The radii of these circles are approximately ga, 
and 16a, for the 3d and 4f terms of Nal and approximately 


9 16 


a, and a, for Mgt. 


A 


Provided that the field may be considered as that due to a single 
positive charge, the semi-parameter for an ms term corresponding 
tok= 1, isa,,as follows from equation (12). This is considerably 
less than the radius of the sodium ion, and would be still smaller 
if the field is greater than unity. Accordingly one may conclude 
that the orbits corresponding to the ms terms do not encircle the 
kernel but penetrate into its structure. We must therefore distin- 
guish between two types of orbit for the valence electron, those 
which penetrate the inner structure and those which entirely 
encircle it. 

The kernel of the sodium atom resembles the element of next 
lower atomic number, the rare gas neon with ten electrons. As 
shown by X-ray data, two of these are bound closely to the 
nucleus, in a configuration resembling helium, and the other eight 
revolve in larger orbits. Data from many sources suggest that 
these eight outer electrons pair off symmetrically as far as their 
effects a short distance from the atom are concerned, so that the 
field just outside the neutral neon atom decreases inversely as a 
high power of the distance. Accordingly the field just outside the 
sodium ion is practically equivalent to that of a unit nuclear 
charge. For purposes of rough computation we may therefore 
represent the sodium atom with the valence electron on a Is orbit 
in the following manner. The two innermost electrons partially 
neutralize the nuclear charge, leaving a net nuclear charge of +9. 
This is surrounded by a rigid shell of negative charge represent- 
ing the eight outer electrons of the kernel. The rs orbit penetrates 
this shell as illustrated in Fig. 3. Outside the shell the valence 
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electron is acted upon by unit positive charge and the field is 
strictly of the Coulomb or hydrogen type. After the electron 
penetrates the shell, it is subjected to a Coulomb field due to a 
positive charge of nine units. Such orbits are mathematically 
calculable and have the general form illustrated. The complete 
orbit consists of a series of outer and inner loops, each loop being 


Fic. 3. 


Schematic representation of atom as a nuclear charge surrounded by a spherical shell of elec- 
tricity into which the valence electron penetrates. 

elliptical. Precession of the orbit occurs entirely within the 

uniform shell of charge. 

If the valence electron is removed while traversing the outer 
loop, or at the instant it reaches aphelion, the work done must be 
practically equal to the negative of the total energy of this electron 
at that instant, because its removal from the remote part of the 
orbit can produce little effect upon the rest of the configuration.’ 
The work of ionization, however, is icv where v is the wave num 
ber corresponding to the orbit concerned. For example, the 
ionization potential is a measure of the amount of work required 
to remove the valence electron from the orbit occupied in the 
normal or unexcited state of the atom. This corresponds to the 
highest wave number in the spectrum, for the alkalies, the 1s term, 
as illustrated in Table V. 

Since in the outer loop the valence electron itself actuall; 
possesses the energy —/tcy and is moving in a Coulomb field of 
unit charge, this outer loop must have the dimensions of a /rypo 
thetical elliptical orbit in hydrogen corresponding to the same 
energy. Such an orbit in hydrogen would be characterized by a 


"No effect would be produced were the shell actually rigid and fixed 
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TABLE V. 


Observed and Computed Ionization Potential. 


Ionization Potential in Volts. 
Element. ee - 
Computed from Is. Observed. 


SPPan 
= GQ = Ww 
SANNA 


non-integral chief quantum number n* such that R/n*? gives the 
actual value of v for the term in the sodium spectrum. The 
dimensions of the outer loop accordingly follow directly from 
equations (11) and (13) 


Semi-major axis = @ = a,n*? (22) 
Semi-minor axis = 6 = ak/n* (23) 


The value of k corresponds to the term under consideration, 1 
for the ms terms, 2 for the mp terms, etc. 


DERIVATION OF RYDBERG FORMULA. 


Assuming that the force exerted by the atom-kernel on the 
valence electron is approximately central, the precession is main- 
tained in the same orbital plane, and two fundamental frequencies 
are present, w the frequency of revolution of the electron and o 
the frequency of precession. The energy is therefore a function 
of two quantum numbrs n and k, so that 


; dE dE 

ha > ) 
a dl = dn + ak dk (24 
= hwdn + hodk by equation (15) (25) 


For a true Keplerian ellipse of the same energy we have by 
equation (8) 


a. Rhe 
and ache (26) 
._ @E 
dE = = dn* = hw*dn* (27) 
c 


where w* is the frequency of revolution of the electron on the 
hypothetical n* orbit in hydrogen. 
Most of the perturbation from a true Keplerian ellipse occurs 
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near perihelion, and since the orbit in this region is traversed 11 
a very small fraction of the time required to make one complet: 
revolution, the frequency w* is practically equivalent to the actual! 
frequencyw. Equating equations (27) and (25) we have 

hw*dn* = hedn* = hadn + hedk 


and 
ac 
dn* = dn + —dk 
also 
an* an* 
dn* = —— dn ik > 
ce on on + ok . 


.so that the solution of equation (28) is 


where ¢(k) does not involve n. 
Substituting this value of n* in equation (26) we obtain 


_ Rhe as Rhe 
~ ra [nm + ¢(k)/? 


E = 
On putting the energy E =—hcy we have 


up ae 
[n + ¢ (Rk)? n*? 
which is identical with equation (21), the empirical formula origi 
nally suggested by Rydberg.® The quantity * is called th 

effective quantum number and is always less than Bohr’s assign 
ment for the chief quantum number n, so that ¢(k) is a negatiy 

constant for any particular value of k. Physically this is evident, 
because the work of ionization, —E, is increased, over that neces 
sary for the corresponding state in hydrogen, since for a portior 
of the time the electron revolves in a field much greater than that 
due to unit positive charge. 


ASSIGNMENT OF CHIEF QUANTUM NUMBERS. 


The methods employed for the assignment of the chief quar 
tum numbers are of such a general and complex nature that the) 
can not be discussed with satisfaction in this brief report, but th 
details are found in Bohr’s original papers. We have seen that 
terms which correspond to orbits of large dimensions, especial!) 
of large parameter, and azimuthal quantum number, are approx! 


*Cf. Bohr, Proc. Lond. Phys. Soc., 35, 296, 1923. 
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mately hydrogenic, so that by direct comparison with the 
corresponding term in hydrogen, ionized helium, etc., values 
of the chief quantum number may be assigned with consider- 
able certainty. 

Bohr’s complete scheme of atomic structure requires a general 
similarity of the internal arrangement of the electrons in the atoms. 
Thus in the building of any element, starting with the nucleus 
alone, the first electron assumes the hydrogenic structure, revolv- 
ing ina I, unit. Addition of the second electron produces a 
configuration similar to helium with two electrons each in a 1, 
orbit. This completes the K-shell for all elements. The fact 
that the slope of the Moseley diagram for the K X-ray limits is 
practically unity shows that the chief quantum number for the 
electrons in the A-shells of all the elements is 1. The third 
electron added in the building of any element should produce the 
lithium configuration, and the spectrum of lithium shows that 
the electron must revolve in an orbit for which n=2. This 
initiates the development of the L-shell and the Moseley diagram 
for the L X-ray limits has a slope of approximately 1/2. The 
L-shell is completed with neon which possesses two electrons in 
the K-shell and eight in the L-shell. The eleventh electron in all 
succeeding atoms, the first of which is sodium, occupies a three- 
quanta orbit and belongs to the M-shell. The slope of the 
Moseley diagram for the M-series is approximately 1/3. Pro- 
ceeding in this general way Bohr was able to assign chief quantum 
numbers to the various electrons in the atoms as shown by Fig. 4. 

Certain irregularities occur in the scheme. Thus while the 
eleventh electron in every atom revolves in a three-quanta orbit, 
the nineteenth electron, occurring first with potassium in a four- 
quanta orbit, becomes bound in a three-quanta orbit in heavier 
elements, probably beginning with the twenty-first element, scan- 
dium. Evidence for this further development of an underlying 
shell may be read from the spectra of potassium and ionized 
calcium. Other interesting irregularities occur, one of which 
predicts the presence of all the rare earths. It will be noted from 
Fig. 4 that the valence electrons in the normal state all revolve in 
orbits characterized by values of equal to the period of the ele- 
ment in the Mendeléeff table. 

By assuming a model for an alkali atom such as illustrated 
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in Fig. 3, it is possible to compute directly the value of m necessary 
in order that the ionization potential or the work required to 
remove the valence electron of an alkali atom from any orbit 
whatever, which penetrates the inner shell, shall be numerically 
equal to the energy of the electron in this orbit. Such values are 
in approximate agreement with Bohr’s scheme.® 


(To be Concluded.) 


Sodium Tungstates.—Evcar F. Smiru and his pupils at the 
John Harrison Laboratory of Chemistry of the University of Penn- 
sylvania, in the course of years, have made many researches on 
tungsten, its atomic weight, and its compounds. The latest research 
in this series is a study of the sodium tungstates by Doctor Smith. 
In a brochure of twenty-three pages ( Philadelphia, 1924) he reports 
the results of over 700 experiments made to ascertain the composition 
of these salts. In the literature, mention is made of seven sodium 
tungstates produced in aqueous solution, the ratio of sodium oxide to 
tungstic anhydride (Na,O: WO,) being 1:1, 1:2, 3:7, 5:12, 4: 10, 
1:3, and 1:4, respectively. The normal tungstate has the ratio 1: 1, 
the para tungstate the ratio 5:12, and the meta tungstate the ratio 
1:4. Doctor Smith finds that the normal tungstate and the meta 
tungstate are the extremes of the series, and, by their union, form 
certain intermediate tungstates having the ratios 3:7, 5:12, and 
4:10, respectively. This fact has been demonstrated by analysis of 
the fused intermediate tungstates, by their hydrolysis, and by their 
synthesis. Sodium tungstates of the ratio 1: 2 and 1:3 do not exist, 
probably on account of their ready sdelenin: In the course of this 
research, the discovery was made that, when a dehydrated tungstate 
is exposed to the hot vapors of pure carbon tetrachloride, the tung- 
stic anhydride is completely volatilized; thus anhydrous normal 
sodium tungstate yields a residue of sodium chloride. J. S. H. 


Spitzbergen Coal.—A brief item in Notes and Queries (1924, 
147, 93) abstracted from 7/ie Scotsman gives an account of recent 
investigations into the coal deposits of this northern region. Dr. 
W. S. Bruce obtained specimens in 1896, but they were pronounced 
to be Tertiary deposits and were regarded as of little value. Pre- 
sumably they were more of the nature of lignite than of the familiar 
soft coals, but later observers made somewhat more encouraging 
reports, inasmuch as first American exploiters and now Norwegians 
have undertaken the mining of the deposits. It is also noted that 
near the coast are deposits of a very fine grade of gypsum which may 
be a valuable article of export. ee 


* Schrodinger, ZS. f. Physik., 4, 347, 1921. Fues, ZS. f. Physik., 11, 364, 
1922. Van Urk, ZS. f. Phystk., 13, 268, 1923. 


PRESENTATION OF THE FRANKLIN MEDAL AND 
CERTIFICATE OF HONORARY MEMBERSHIP, 


May 21, 1924. 


At the Stated Meeting of the Committee on Science and 
the Arts, held January 2, 1924, the following resolutions 
were adopted: 


“ Resolved, That The Franklin Medal be awarded to Si 
Ernest Rutherford in recognition of successful researches, sig 


nally contributing to the presént state of knowledge of the ele 
ments, their constitution and relationships.” 

“ Resolved, That The Franklin Medal be awarded to Dr 
Edward Weston in recognition of discoveries and inventions in 


the field of electricity, fundamentally contributing to the estab 
lishment of the electric art.” 
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THE PRESENTATION OF THE FRANKLIN MEDAL AND 
CERTIFICATE OF HONORARY MEMBERSHIP TO 
SIR ERNEST RUTHERFORD AND 
DR. EDWARD WESTON. 


IN calling the meeting to order the President of the Institute 
announced that the business of the meeting would be the annual 
presentation of the Institute’s highest award, The Franklin Medal, 
in recognition of distinguished scientific and technical achieve 
ments and recognized Dr. Joseph S. Ames, Dean, Johns Hopkins 
University, who made the following statement relative to the work 
of Sir Ernest Rutherford: 

Mr. Chairman : 

Your Committee charged with the responsibility of selecting 
from the scientists of the world one worthy of receiving The 
Franklin Medal are to be congratulated upon their decision for this 
year, and I appreciate highly the honour and privilege of taking 
part in this ceremony. Professor Sir Ernest Rutherford, F.R.S.., 
to whom the medal has been awarded “ in recognition of success 
ful researches, signally contributing to the present state of know! 
edge of the elements, their constitution and relationship,” is the 
leading investigator in his chosen field of physics, an inspiring 
director of a great laboratory, a loyal servant of the British 
Empire. We all regret that his university duties at Cambridge 
make it impossible for him to be here to-day to receive the medal 
in person, but His Britannic Majesty’s representative will receive 
it and will see that it is transmitted officially to England. Before, 
however, I present to you, Sir, this representative, I beg to say 
a few words in appreciation of the contributions to science made 
by Rutherford and also something in regard to him as a man. 

Sir Ernest Rutherford was born in a distant colony of Great 
Britain, in New Zealand, in the year 1871, so that we must still 
regard him as a man young in years; and those of us who know 
him personally know the youthful vigor of his mind and pert 
After receiving his early education in his native country, he wen 
at once to the Cavendish Laboratory in Cambridge, England, then 
under the direction of Professor J. J. Thomson. Here he received 
his baccalaureate degree in 1897. He stayed on in the laboratory 
for a year, and was then called to become MacDonald Professor 
of Physics in McGill University, Montreal. There were many 
candidates for this chair, and I remember well congratulating 
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Principal Peterson upon his wisdom in having selected one who 
even at that time gave every indication of being one of the great 
experimental physicists of his generation. After a few years at 
McGill, years full of productive work, to which his paper pre- 
pared for to-day will refer, he was called to Manchester Univer- 
sity, and later, when Thomson resigned the Cavendish chair at 
Cambridge, he became, practically automatically, his successor. 
There could not have been any other. During the World War he 
did distinguished service for his country and, in fact, for all the 
Allies, as a member of the Inventions Board. He has been 
honored by all the learned societies of the world, and early in his 
career was the recipient of the Nobel Prize. As the Director of 
the Cavendish Laboratory he has been surrounded by a group of 
men, colleagues and students, all drawing their inspiration from 
him. He is endowed by nature with that rare gift, unselfishness, 
without which no man can ever be the head of a laboratory. He 
gives freely of his ideas and of his inspired thoughts to all his 
students. As he himself said to me last year, when we were talk- 
ing of a man who kept his best problems for himself, ‘“ Why, a 
man with students must be generous, he must even give the best 
he has.” It is no wonder that with such a character men flock 
to his laboratory from every quarter of the globe. 

As an investigator, Rutherford has always had a clear vision 
of the way ahead of him, and has never entered a blind trail. His 
general knowledge of physical principles is so sound that he can 
follow his intuition; and he has the bravery to go forward into 
unknown fields, designing his own theories and methods to 
advance his knowledge. His name will ever be associated with 
onze of the most important subjects of modern science, the struc- 
ture of the nucleus of atoms. As is known to everyone to-day, 
the physicist has a definite picture in his mind of an atom. This, 
in its main features, is very simple. There is a minute central 
portion called the nucleus, which contains practically all the mass 
of the atom, and around this revolve one or more other particles 
called electrons. Each of these electrons has an orbit around the 
nucleus, not unlike the orbit of a planet around the sun. This 
picture we owe to Rutherford. It has been proved by Sir J. J. 
Thomson that these electrons are all alike, regardless of the nature 
of the atom of which they form a part; and, largely owing to the 
genius of Bohr and to the labors of Sommerfeld and others, law 
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and order of a fairly definite nature can now be assigned to the 
positions and motions of the electrons in any kind of atom. But, 
while the electrons are all identical, the nuclei of different atoms 
are all different. Thus a hydrogen atom has a definite nucleus 
and one electron; a helium atom has a definite nucleus and two 
electrons; and so on, until we come to the heaviest atom known, 
that of uranium, which has a heavy nucleus and ninety-two elec 
trons revolving around it. Rutherford’s greatest contributions 
to knowledge have been in connection with the structure of the 
nucleus of the various atoms; he was the first to convince us 
that it was made up of parts, and he is the only one, in fact, who 
has obtained experimental knowledge as to the nature ot 
these parts. 

Back in 1898 when I spent a day with Rutherford in the 
Cavendish Laboratory he was working on the nature of the 
radiations from uranium which had recently been discovered by) 
Becquerel, and he had succeeded in proving that there were two 
types of radiations, called z- and B-rays. Even at this time he 
had a definite conviction as to their nature, a conviction soon 
verified by direct experiment. The @-rays were shown to be 
positively charged particles, while the B-rays were negatively 
charged and much lighter in weight. When Rutherford came to 
McGill University, he extended his studies to the investigation 
of thorium and radium, the new radio-active substances recent) 
discovered by the Curies, and, in an amazingly short space oi 
time, he had unravelled the mystery of these remarkable sub 
stances. He pictured a spontaneous disintegration of radio 
active atoms, a process by which in a definite interval of time a 
certain proportion of the atoms of a piece of uranium, say, emit 
z- or 8-particles, thus being transformed into atoms of a different 
kind; then these are transformed similarly into other atoms, etc 
During his stay at McGill and again at Manchester, he pursued 
this investigation, until finally the story, as wonderful as a 
romance, was told. Even from the beginning, Rutherford had 
been convinced that these «- and 8-particles, which play such a part 
in radio-active disintegrations, came out from the innermost part 
of the atom; and, therefore, when the planetary model of an atom 
was shown by him to correspond closely with reality, he spoke 
of these particles as having been ejected from the nucleus. This 
led him at once to the investigation of the structure of the nucle! 


ries 
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of all atoms, not necessarily those of the radio-active ones. 
Returning for a moment to the hydrogen atom, I have said before 
that here we have one electron revolving around a nucleus. This 
particular nucleus is called a proton. Again, the helium atom 
has two electrons revolving around a nucleus, which, as 
Rutherford proved, is identical with the 2-particles emitted by 
radio-active atoms. When other atoms were investigated, 
Rutherford showed that we could be justified in believing that 
all nuclei were made up of electrons, protons and @-particles, a 
most remarkab!e simplification of nature. But he indicated a still 
greater simplification by considering the z-particle as itself made 
up of parts; and we now believe that each such particle is com- 
posed of four protons and two electrons. So that to-day, instead 
of thinking of ninety-two distinct kinds of matter, corresponding 
to the number of different elements, we speak of only two, elec- 
trons and protons. This concept of nature should, I think, be 
credited to Rutherford; its importance cannot be overestimated. 

I could call attention to other striking results of Rutherford’s 
brilliant series of investigations on 2- and 8-particles; but, in the 
few minutes allotted me, I wish to emphasize his close connection 
with this country. Not only was he the professor of physics at 
McGill University and therefore almost one of ourselves, but he 
has been for over twenty years a member of the American Physical 
Society and has taken part in many of its meetings. His first 
physical investigation in the Cavendish Laboratory was based 
directly upon an early observation of Joseph Henry made at 
Princeton, an observation which in fact was the earliest known 
case of wireless telegraphy. When he was at McGill, one of his 
most striking discoveries concerning radio-activity was made in 
collaboration with Doctor Owens, the distinguished Secretary of 
this Institute. Again, he more than anyone else has given an 
answer to the question of the ultimate nature of electrically 
charged bodies, the question which was always in Franklin’s mind. 

I may have conveyed to you some appreciation of Rutherford’s 
great contributions to science and may have shown why the 
decision of the Institute to award him the highest honour in its 
power to give is justified, but I despair of making you realize 
how his personal qualities, his unselfishness, his simplicity, his 
enthusiasm have endeared him to his friends. 

Mr. Chairman, it is with the greatest pleasure that I present 
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to you the Hon. H. G. Chilton, Counsellor of the British Embass) 
in Washington, who will see that The Franklin Medal awarde: 
to Sir Ernest Rutherford is placed in his hands. 


The President then said: 

Mr. Chilton, I have the honour to present to you for transmis 
sion to Sir Ernest Rutherford The Franklin Medal, the highest 
award in the gift of the Institute, and Certificate of Honorary, 
Membership in this Institute. 


Mr. Chilton, in accepting the Medal and the Certificate «: 
Honorary Membership, said: 

Mr. Chairman, Ladies and Gentlemen : 

Sir Esme Howard, His Majesty's Ambassador, has begged 
me to convey to you an expression of his sincere regret that he is 
unable to be present this afternoon. I need hardly say what 
a privilege and pleasure it is for me to have been deputed t 
represent him for the purpose of receiving The Franklin Meda! 
and Certificate of Honorary Membership on behalf of Sir Ernest 
Rutherford, awarded to him “in recognition of successful 
researches, signally contributing to the present state of knowledg: 
of the elements, their constitution and relationships.” 

This occasion also gives me an opportunity of visiting 
this famous Institute and of meeting some of its distin 
guished members. 

The Franklin Medal is founded for “ the recognition of thos« 
workers in physical science or technology, without regard t 
country, whose efforts, in the opinion of the Institute, have 
done most to advance a knowledge of physical science 01 
its applications.” 

Only two years ago the medal was awarded to Sir Joseph 
Thomson, and that it should have been again awarded to anothe: 
subject of King George this year is indeed a very signal honour 
and one which will, | know, be appreciated not only by Sir Ernes: 
Rutherford himself, but also by His Majesty’s Government an 
the whole British Empire for it will demonstrate that Sir Ernest's 
efforts in the interests of science have been recognized by one of 
the great institutes of science of the world. 

Sir Ernest is no doubt not a complete stranger to many o! 
you, for I understand from him that, though born and educated 
in New Zealand, he spent nine years as Professor of Physics at 
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McGill University at Montreal, during which time he came into 
close contact with many scientific men in the United States of 
America, and he once delivered an address in Philadelphia. 

He writes me that he sympathizes with me in having to 
speak in his place, for it is difficult to try to say what anothe: 
man might have said. I will not attempt to do so, for I cannot 
say what he might have told us had he been here to-day, but | 
think it might interest you were I to read to you an extract from 
the Presidential Address which he delivered at the meeting at 
Liverpool in 1923 of the British Association for the Advanc 
ment of Science. 

He said: 

“In watching the rapidity of the tide of advance in physics 
I have become more and more impressed by the power of the scie: 
tific method of extending our knowledge of nature. Experiment, 
directed by the disciplined imagination either of an individual, 
or, still better, of a group of individuals of varied mental outlook, 
is able to achieve results which far transcend the imaginatio: 
alone of the greatest natural philosopher. Experiment without 
imagination, or imagination without recourse to experiment, ca: 
accomplish little, but, for effective progress, a happy blend oi 
these two powers is necessary. The unknown appears as a dense 
mist before the eyes of men. In penetrating this obscurity w« 
cannot invoke the aid of supermen, but must depend on the com 
bined efforts of a number of adequately trained ordinary men 0 | 
scientific imagination. Each in his own special field of enquiry is 
enabled by the scientific method to penetrate a short distance, and 
his work reacts upon and influences the whole body of othe: 
workers. From time to time there arises an illuminating concep 
tion, based on accumulated knowledge, which lights up a large 
region and shows the connection between these individual efforts, 
so that a general advance follows. The attack begins anew on a 
wider front, and often with improved technical weapons. The 
conception which led to this advance often appears simple and 
obvious when once it has been put forward. This is a common 
experience, and the scientific man often feels a sense of disappoint 
ment that he himself had not foreseen a development which ulti 
mately seems so clear and inevitable. 

“The intellectual interest due to the rapid growth of scienc 
to-day cannot fail to act as a stimulus to young men to join in 
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scientific investigation. In every branch of science there are 
numerous problems of fundamental interest and importance which 
await solution. We may confidently predict an accelerated rate 
of progress of scientific discovery, beneficial to mankind certainly 
in a material, but possibly even more so in an intellectual, sense. 
In order to obtain the best results certain conditions must, how- 
ever, be fulfilled. It is necessary that our universities and other 
specific institutions should be liberally supported so as not only 
to be in a position to train adequately young investigators of 
promise, but also to serve themselves as active centres of research. 
At the same time there must be a reasonable competence for those 
who have shown a capacity for original investigation. Not least, 
peace throughout the civilized world is as important for rapid 
scientific development as for general commercial prosperity. 
Indeed, science is truly international and for progress in many 
directions the cooperation of nations is as essential as the 
cooperation of individuals. Science, no less than industry, desires 
a stability not yet achieved in world conditions.” 

Mr. Chairman, it is with the greatest pleasure that I accept on 
behalf of Sir Ernest Rutherford this beautiful medal and this 
certificate which I will not fail to forward to him through the 
intermediary of the Foreign Office. 


The President then said: 

I regret very much to announce that Dr. Edward Weston is 
quite ill and unfortunately not able to be here, but we have with us 
Dr. Frank J. Sprague, of New York City, who will represent him. 


Doctor Sprague said : 

I regret that I am not able to speak in the befitting fashion this 
occasion warrants, as I am only just out of a sickbed. But I 
have gladly come here to join, insofar as lies in my power, in 
paying tribute to one of the greatest lights in the electrical field, 
a man whose name is a household word wherever accuracy of 
quantitative measurements is necessary, one who by his individual 
work has contributed more to the facility of carrying on the 
electrical industry than any other I know. 

He is one of a trio of famous men of foreign birth, one of 
whom—a great Belgian, Doctor Baekeland—is here to-day to 
receive for him the honour of a distinguished award. The third, 
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Dr. Elihu Thomson, who came to this country from England 
long ago blazoned his name upon the industry. 

Doctor Weston came to this country in 1870, I think when « 
boy of twenty. After three years’ effort by his parents to educat 
him in ministerial affairs, to make him a religious teacher, lh 
changed their program and became the promoter of morals in th 
scientific world. In this connection he was early known for his 
work in the electric deposition and refining of metals, for short! 
after he came here he joined the American Nickel Plating Com 
pany as its chemist. He applied himself actively to that work, an 
was so successful that in 1875 he established the first factory i: 
- the United States devoted entirely to the manufacture of dynamos 
for the electric deposition of metals. 

But this was not a large enough field for a man of Weston’: 
vision and capacity, and he shortly began the development am 
construction of generators for electric light, both are and inca 
descent, and then the manufacture of motors for industrial pu 
poses. I came in contact with his work very early, at the first 
English Electrical Exhibition, held at the Crystal Palace, Syde: 
ham, in 1882. Only recently a graduate of the U. S. Nava 
Academy, I was fortunate enough to be there practically as 
representative, or at least under orders, of our Navy Department 
As the youngest member of the jury dealing with electrica 
machinery, I was, on the suggestion of Prof. Fleming Jenkins 
made its secretary, probably because the older men had their man) 
responsibilities and felt that this particular duty might be put 
on a younger one. 

Among my associates was a representative galaxy of the lead 
ing men of the English scientific world, as for example, Pro! 
W. R. Adams, of the Wheatstone Laboratory, King’s College, ; 
brother of the famous Cambridge mathematician, who shared wit! 
Le Verrier the determination of the location of the planet, Nep 
tune; Prof. Fleming Jenkins, the great electrician of Edinburgh 
Capt. W. de W. Abney; Mr. Horace Darwin, brother of th: 
naturalist, and others, ali tending to kindle the enthusiasm of 
the visiting youngster. 

So I grasped the opportunity, and soon was able to inaugurate 
an elaborate series of tests of gas engines, dynamos and electri: 
lights. I clearly remember the Weston machine, an exhibit fo: 
operating incandescent lamps, particularly the fine designing whic! 
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was Clearly evident and well filling the needs of the electric machine 
of that day. 

Two years later, just forty years ago, there was held here in 
Philadelphia the first American Electrical Exhibition, under the 
auspices of this Institute. I happen to have with me the official 
program of that exhibition (I doubt if there are many of them 
in existence), and as I look at it and recall what Weston had on 
exhibition, I can but express astonishment at the breadth of 
his activities. He had dynamos all the way from ten to fifty 
arc lights capacity, and dynamos for incandescent lights up to 
600-light capacity, and motors for many purposes, all of splendid 
design and performance. 

In his effort to make the incandescent light an economic suc- 
cess, Doctor Weston ran the gamut of metallic and carbon develop- 
ments, and after the adoption by Edison of the bamboo filament 
Weston’s inventive ability, keen power of analysis and chemical 
knowledge made possible the curing, or making homogeneous, 
any irregularities of structure by the automatic deposition, at 
points of highest temperature, of carbon from a local dissociation 
of hydrocarbon gas. 

Having thus attained homogeneity, by chemical means, from 
a non-homogeneous structure, he did not rest, but clearly saw 
that there must ultimately be evolved a homogeneous filament 
produced by chemical process, first successfully demonstrated 
with “ Tamidine,”’ developed from a nitro-cellulose base, a deduc- 
tion which the modern ductile tungsten filament has verified in 
striking fashion. 

Four years later Weston had accomplished perhaps as much 
as was to be expected, even from him, along the particular line 
in which he was then interested, and so he turned his attention to 
what was perhaps more immediately needed than anything else in 
the electrical world, the design and manufacture of accurate and 
practical electric measuring instruments for everyday laboratory 
and central station uses. In doing so he followed a cardinal prin- 
ciple of his life which has been dominant throughout his career. 
Our good friend, Doctor Baekeland, once said Weston had the 
mind and methods of research of the chemist, but that is but one 
example of his character. He has a passion for mathematical 
precision, and glories at all times in giving his thought and 
attention, in the creation of a machine or chemical apparatus, to 
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making it as near as possible perfect, the natural result of his 
remarkable equipment as a master mechanician. 

In passing, I should call attention to kindred and necessary 
developments, his cadmium cell, which has practically displaced 
the well-known Clark cell as a standard of electromotive force, 
and his high resistance alloys with a minimum of tempera 
ture coefficient. 

To his work he has always given the best-of his life, and 
intelligence, and experience. A man of rather modest mien, he is 
at the same time rightly jealous of his particular rights, in the 
defense of which he has fought long and successfully. He is a 
_charter member of the American Institute of Electrical Engineers, 
as well as a member of many other professional and scientific 
societies, and has received numerous honours and degrees, McGill 
University and the University of Pennsylvania having bestowed 
the degree of Doctor of Laws, Stevens Institute and Princeton, 
that of Doctor of Science; and now he is to receive that particular 
honour which is rightly looked upon as one of the highest awards 
in this country—The Franklin Medal. 

I feel a keen disappointment that Edward Weston is not here 
to-day to receive in person this great honour, one which follows 
that of the Elliott Cresson Medal bestowed on him some thirteen 
years ago by the Institute. 

At such a time I can express my thought in no better fashion 
than by quoting from the words of Dr. R. B. Owens, the Secretary 
of the Institute, on that occasion, setting forth the reasons of 
that award: 


“In recognition of your brilliant and successful researches in the 
field of electrical discovery, and also in recognition of the indomitable 
energy you have so lavishly and so effectively expended throughout a 
period of nearly half a century in the advancement of the applications 
of electricity to fill the needs of and supply the wants of an ever- 
increasingly complicated and exacting civilization.” 


I cannot add anything to these words, but only turn to Doctor 
Baekeland, one of our foremost chemists, who has been asked 
to receive this award for Doctor Weston, and who will express 
to him in behalf of this Institute an adequate appreciation of his 
work ; and with that appreciation there will go to our absent friend 
all the good wishes for an early recovery to full health and a 
continuance for many years of his beneficent activities. 
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The President, in presenting the Medal and Certificate 0: 
Honorary Membership to Doctor Baekeland, said : 

I have the honour in the name of The Franklin Institute t 
present to you, for transmission to Doctor Weston, The Franklin 
Medal and a Certificate of Honorary Membership in The Frankli: 
Institute. This award with honorary membership is made to 
Doctor Weston in recognition of his distinguished services t 
mankind rendered in the field of pure and applied science. 


Doctor Baekeland, in accepting the Medal and Certificate o! 
Honorary Membership, said: 


May I be permitted to add a few words to what has been saic 
about the work of Doctor Weston. True, enough, the physicists 
and electrical engineers of the world owe him great credit fo: 
his work as has been set forth by the eloquent address of Doctor: 
Sprague. Nevertheless we chemists also feel just as much indebted 
to him. We are proud of him because we consider him as one o! 
us, a chemist as well as a physicist or an engineer. This is no 
idle boast on our part. I know that Doctor Weston never misses 
an opportunity of stating that he is a chemist. We count him as 
one of the most distinguished members of the American Chemica! 
Society which I have the honour to represent to-day as its Presi 
dent. Doctor Weston is so much a chemist that in 1915 he received 
the highest distinction for Industrial Chemical Research in th 
United States, the Sir William Perkin Medal. Physicists anc 
electrical engineers may be interested to know that Weston, i: 
most of his problems, introduced a chemical point of view. Thi 
was quite natural in view of the fact that he started his caree: 
as a chemist. 

One of the first employments he got in New York was wit! 
a chemical concern that made photographic chemicals. Thi 
was the time of the wet-plate, when photographers made their 
own collodion, their own silver bath, their own paper. Whoever: 
has gone through those delicate operations, knows the difficu! 
ties and the uncertainties caused by small variations in the com 
position of chemicals or in the way of using them. Phot 
chemistry is excellent experience for any young chemist who i: 
too much disposed to generalize all chemical reactions by simp! 
chemical equations. Whoever has to deal with those delicat: 
chemical phenomena which occur in the photographic image 
knows that many unforeseen facts cannot be easily accounted fo: 
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by the self-satisfying but often superficial generalizations of 
the textbooks. 

Weston’s tendency to observe small details in chemical or 
physical phenomena led him to improve the art of nickel-plating 
and electrolytic deposition of metals to a point where it entered 
a new era. When he undertook the study of the difficulties in 
this art, he took nothing for granted, but, by close observation, 
succeeded in devising methods not only for improving the physical 
texture of the deposit, but for increasing enormously the speed 
and regularity with which the operations could be carried out; all 
these improvements are now embodied in the art of electrotyping, 
nickel-, gold-, and silver-plating. 

At this time, attempts had already been made for the commer- 
cial refining of copper by means of the electric current. But this 
subject was then in its first clumsy period, far removed from the 
importance it has attained now among modern American indus- 
tries. Here again, Weston brought order and method where chaos 
had reigned. His careful laboratory observations, harnessed by 
his keen reasoning intellect, established the true principles on 
which economic, industrial, electrolytic copper refining could be 
carried out. Prof. James Douglas (Commencement address, 
Colorado School of Mines, Met. Chem. Eng., 11 (1913), 377) 
referred to this fact as follows: “I suppose I may claim the 
merit of making in this country the first electrolytic copper by the 
ton, but the merit is really due him (Weston) who in this and 
innumerable other instances has concealed his interested work 
for his favorite science and pursuits under a thick veil of modesty 
and generosity.” 

The whole problem of electrolytic refining, when Weston took 
it ‘:p, was hampered by many wrong conceptions. One of them 
was that a given horsepower could deposit only a maximum weight 
of copper, regardless of cathode or anode surface. This fallacious 
opinion was considered almost an axiom until Weston showed 
clearly the way of increasing the amount of copper deposited per 
electrical horsepower, by increasing the number and size of vats 
and their electrodes, connecting his vats in a combination of series 
and multiple, the only limit to this arrangement being the added 
interest of capital and depreciation on the increased cost of more 
vats and electrodes, in relation to the cost of horsepower for 
driving the dynamos. 


re 
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The electro-deposition of metals forced Weston into the study 
of the construction of dynamos. Until then, the electric current 
used for nickel-, silver-, and gold-plating, as well as for electro 
typing, was obtained from chemical batteries. Weston says that 
it was almost a hopeless task to wean electroplaters from these cel!s 
to which they had become tied by long experience and on the more 
or less skilful use of which they based many of the secrets o! 
their trade. 

If the dynamo as a cheap and reliable source of electric current 
was advantageous for nickel-plating, it became an absolutely indis 
pensable factor for electrolytic copper refining. At that time, th 
’ dynamo was still at its very beginning, some sort of an e'ectrical 
curiosity. It had been invented many years before by a Nor 
wegian, Soren Hyjorth, who filed his first British patent as far 
back as 1855. Similar machines had been built both in Europe 
and America, but little or no improvement was made unti! 
Weston, in his own thorough way, undertook the careful study 
of the various factors relating to dynamo efficiency. 

In 1876, Weston filed his first United States patent on rational 
dynamo construction, which was soon followed by many others, 
and before long, he had inaugurated such profound ameliorations 
in the design of dynamos, that he increased their efficiency in the 
most astonishing manner. The dynamos which had been con 
structed heretofore showed an efficiency not reaching over from 
15 to 40 per cent. gross electrical efficiency, but the new dynamos 
constructed after Weston’s principles, increased this to the unex 
pected efficiency of 95 per cent., and a commercial efficiency o! 
85 to 90 per cent. He thus marked an epoch in physical science 
by constructing the first industrial machine which was able t 
change one form of energy, motion, into another, electricity, zwi¢/ 
a hitherto unparalleled small loss. As the improvements in 
dynamos depend exclusively on physical considerations, and have 
little relation to the field of chemistry, I shall dispense with further 
discussion of this matter. But I should be permitted to point 
out that the first practical application of electrical power—trans- 
mission for factory purposes in this country—was utilized in 
Weston’s factory; the success of this installation induced the 
Clark Thread Works, also located in Newark, to adopt for some 
special work this method of power transmission which has now 
become so universal. For this purpose, Weston had to invent 
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new devices for starting, and for controlling, as well as for 
preventing injuries to motors by overload. In Weston’s factory 
also the electric arc was used for the first time in the United 
States for general illumination. 

In fact, from 1875 to 1886, Weston was very energetically 
engaged with the development of both systems of are and incan- 
descent illumination by electricity. We see him start the manu- 
facture of arc-light carbons according to methods invented by him, 
so that he thus became the founder of another new industry in 
America. He continued this branch of manufacture until 1884, 
at which epoch this part of the business was transferred to 
another company, which has made a specialty of this class of prod- 
ucts, and developed it into a very important industry. Here, 
again, Weston introduced chemical methods and chemical points 
of view. Among the many objections which the public had 
against the electrical arc, was the bluish color of its light. Women 
especially complained that the blue-violet light did not bring 
out their complexions to the best advantage. Weston first tried 
to use shorter arcs which gave a whiter light, but this was only 
a partial remedy. He soon found a more radical and more com- 
plete cure by the introduction of vapors of metals or metallic 
salts or oxides in the arc itself, so as to modify at will the color 
of the light ; thus he became the inventor of the so-called “ flaming 
are.” It is noteworthy that it took about twenty years before 
electricians and illuminating engineers became so convinced of 
the advantages of the flaming arc, that it had to be “ reinvented ” 
some twenty years ago, and now it is considered the most efficient 
system of arc illumination. 

The younger generation knows rather little about the history 
of the early struggles connected with the art of electrical incan- 
descent lighting. 

In his memorable work to make the electric incandescent lamp 
an economic possibility, we see Weston introduce over and over 
again chemical methods and chemical considerations. He first 
tried to utilize platinum and iridium, and their alloys, which he 
fused in a specially constructed electric furnace, devised by him, 
antedating the furnace described by Siemens. This is probably the 
first electrical furnace if you except the furnace which Hare used 
in his laboratory in Philadelphia. 
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But these platinum metals showed serious defects aside fron 
their high cost, and by that time Weston had become so familia: 
with the properties of good carbon that, like other inventors, hy 
became convinced that the ultimate success lay in that direction 

And now we see him join in that race of rivalry among 
inventors who all engaged their efforts in search of the reall) 
practical incandescent lamp. Among this group of men, the 
names of Edison here in the United States and of Swan i: 
England have been best known. To go into the details of this 
struggle for improvement is entirely outside of the scope of this 
short review. 

Edison succeeded in making incandescent lamp filaments by 
carbonizing selected strips of bamboo. But even a carbon made 
of this unusually compact and uniform material was far from 
being sufficiently regular and homogeneous. Indeed, all the then 
known forms of carbon conductors had the fatal defect of a 
structural lack of homogeneity. On account of this, the resistance 
varied at certain sections of the filament, and at these very spots 
the temperature rose to such an extent that it caused rapid destruc 
tion of the filament; this is somewhat similar to the chain which 
is just as strong as its weakest link. 

These irregularities in the filament reduced enormously the 
term of service of any incandescent lamp. Weston tried to solve 
this difficulty by means of his chemical knowledge. He remem 
bered that as a boy, when he went to visit the gas works to obtain 
some hard carbon for his Bunsen cell, this carbon was collected 
from those parts of the gas retort which had been the hottest, 
and where the hydrocarbon gas had undergone dissociation leaving 
a dense deposit of coherent carbon. 

In this chemical phenomenon of dissociation at high tempera 
ture, he perceived a chemical means for “ self-curing ” any weak 
spots in the filament of his lamp. The remedy was as ingenious 
as simple. In preparing his filament, he passed the current through 
it while the filament was placed in an atmosphere of hydrocarbo: 
gas, so that in every spot where the temperature rose highest on 
account of greater resistance, brought about by the irregula: 
structure of the material, the hydrocarbon gas was dissociated 
and carbon was deposited automatically until the defect was 
cured, with the result that the filament acquired the same electric 
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resistance over its whole length. But this invention, however 
brilliant, did not limit his efforts. He had become imbued with 
the idea that the ideal filament would be an absolutely structure- 
less, homogeneous filament, with exactly the same composition 
and the same sections throughout its whole length. He reasoned 
that such a filament could not be obtained from any natural prod- 
ucts, neither from paper nor bamboo, but that it had to be 
produced artificially in the laboratory from an absolutely uniform, 
structureless chemical substance. After various unsuccessful 
attempts, he finally secured this result by applying his old knowl- 
edge of the days when he used to make photographic collodion. 
He produced a homogeneous, structureless, transparent film of 
nitrocellulose by evaporating a solution of this material in suitable 
solvents. As he could not carbonize this film on account of the 
well-known explosive properties of so-called “ gun-cotton,”’ he 
obviated this difficulty by eliminating the nitrate group of the 
molecule of cellulose-nitrate by means of ammonium sulphhydrate. 
This gave him a flexible, transparent sheet, very similar in appear- 
ance to gelatin; this material he called “ Tamidine.” Such films 
could be cut automatically with utmost exactitude, producing 
filaments of uniform section, which then could be submitted to 
carbonization, before fastening them to the inside of the glass 
bulb of the incandescent lamp. 

It is interesting to note here that the modern tungsten lamp, 
in all its perfection, made of ductile tungsten, is, after all, the 
fullest development of the principle of an entirely structureless 
homogeneous chemical filament. The tungsten filament can stand 
much higher temperatures than carbon and this property gives it 
higher lighting efficiency, but the former tungsten filaments of a 
few years ago, which had a granular structure, had the same defect 
as the earlier carbon lamps, namely, a non-homogeneous texture 
and corresponding short life. 

While Weston was wrestling with all his electrical problems, 
and more particularly with the construction of dynamos and 
motors, he was handicapped continuously by the clumsy and time- 
consuming methods of electrical measurements which were the 
best existing at that period. Up till then, these methods had 
been found good enough for physical laboratories, where the lack 
of accuracy did not result disastrously in hitting the pocket of 
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the manufacturer, or where abundant time, for observations and 
calculations, was always available. But progress in the electrica! 
industries lagged behind the delay and uncertainties caused by 
electrical measurements. So Weston was compelled to invent for 
his own use a set of practical electrical measuring instruments 
It was not long before some of his friends wanted duplicates o1 
his instruments; before he knew it, he was giving considerable 
attention to the construction and further development of these 
instruments. Just about this time, the electric light and dynam 
construction enterprises entered into a new period, where they 
_ began to develop into large unwieldy commercial organizations, 
requiring public franchises and which had to be backed by vast 
amounts of new capital. On its boards of directors, business men, 
or financial men and corporation lawyers, became paramount fac 
tors and eclipsed in importance the technical or scientific men, 
who, in earlier days, had almost exclusively contributed to the 
development of the art. 

Following his natural inclinations, Weston soon abandoned 
his former business connections in order to entrench himself i: 
a field where individuality, science and technology were of almost 
unique importance, and which he could develop without the 
necessity of incurring financial obligations beyond what he could 
master personally. Thus he dropped his connections with th: 
electric-light and dynamo enterprises, and we see him now, hear: 
and soul, in another new industry which he created—the art 0: 
making accurate, trustworthy and easy-to-use electrical measuring 
instruments. Did he foresee at that time that this art would 
attain the magnitude to which he has brought it to-day? Did lh 
dream that his early modest shop was to develop into one of th 
most remarkably equipped factories in the world; an institutio: 
which seems the embodiment of what industrial enterprises may 
look like in future days, when scientific and liberal-minded man 
agement will have become the rule instead of the exception ? 

In his factory in Newark, Weston seems to have instilled some 
of his own reliability and accuracy in the minds of the men and 
women he employs. 

In fact, has it occurred to you that even a man with the widest 
knowledge and the highest intelligence, who is not scrupulous!) 
reliable and careful, who is not the soul of honesty personified, 
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could not make honest and trustworthy measuring instruments 
nor create reliable measuring methods? 

What Stas did in chemistry for atomic weights, Weston did 
for electrical measuring; he created radically new methods of 
measurement, and introduced an accuracy undreamt of heretofore. 
Do not forget that his problems were not easy ones. When the 
British Government offered a prize of $100,000 for the nearest 
perfect chronometer, the problem of a reliable chronometer 
involved considerably less difficulties and fewer disturbing factors 
than many of those encountered in devising and making electrical 
measuring instruments. But here again, even at the risk of 
monotonous repeating, I want to impress you with the fact that 
the success of the methods of Weston was found in almost every 
case in the application of chemical means by which he tried to 
solve his difficulties. 

When he took up this subject, the scientists, as far back as 
1884, accepted implicitly the belief that the definition of a metal 
and a non-metal resides in a physical distinction; that for metals 
the electrical resistance tncreased with temperature, while for 
non-metals, their resistance decreased with temperature. This 
was another one of those readily accepted axioms which nobody 
dared to refute or contest because they were repeated in respectable 
textbooks. And yet, this unfortunate behavior of metals was the 
greatest drawback in the construction of accurate measuring 
instruments. Indeed, on account of the so-called temperature 
coefficient, all measurements had to be corrected by calculation to 
the temperature at which the observation was made. This seems 
easy enough, but it was time-consuming and often it is more 
difficult to make rapid accurate observation of the temperature 
of the instrument itself. First of all, the thermometers are not 
accurate, and have to be corrected periodically, and, furthermore, 
it is not an easy matter to determine rapidly the temperature of a 
coil or an instrument. Moreover, by the very passage of the elec- 
tric current, fluctuating changes in temperature are liable to 
occur, which would make the observations totally incorrect. All 
this led to hesitation and slowness in measurements. Weston 
wanted to correct this defect, but he was told that the very laws 
of physics were against his attempts. Before he was through with 
his work, he had to correct some of our conceptions of the laws 
of physics ; now let us see how he did it : 

Vor. 198, No. 1185—28 
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Weston knew that the favorite metal for resistances was 
so-called German-silver. Strange to say, he was the first one to 
point out to the Germans themselves that “ German-silver”’ is 
a word which covers a multitude of sins, and that the compositio: 
of German-silver varies considerably according to its source o| 
supply. The result was that he soon proposed a standard copper 
nickel- and zinc-alloy containing about 30 per cent. of nickel, 
and which had a resistance of almost twice that of ordinary 
German-silver and a much smaller temperature coefficient. Not 
satisfied with this, he took up the systematic study of a large num 
ber of alloys. The first series which he undertook to study 
included more than three hundred different alloys. Since that 
time, he has considerably increased this number, and is still busy 
at it. [Everyone of these alloys he made himself in his laboratory, 
starting from pure materials, and controlling the whole operation 
from the making of the alloy to the drawing of wires of deter 
mined size. By long and repeated observations, in which man) 
vears have been consumed, he has been able to determine the elec 
trical behavior of each one of these alloys at different tempera 
tures. After awhile, he began to observe remarkable properties 
in some manganese alloys he compounded. He managed to pro 
duce an alloy which had sixty-five times the resistance of copper 
But getting bolder and bolder, he strove to obtain an alloy which 
had no temperature coefficient whatever. He not only succeeded 
in doing this, but finally produced several alloys which had a 
negative temperature coefficient. In other terms, their resistance, 
instead of increasing with rise of temperature, decreased with 
increasing temperature. He also showed that the resistance 0! 
these alloys depends not only on their composition, but on certain 
treatments which they undergo, for instance, preliminary heating 
And since that day, the physicists have had to bury their favorite 
definition of metals and non-metals. 

The present generation can hardly realize what this discover) 
meant at that time. I could not better illustrate this than by 
reminding you of the fact that in 1892, at the meeting of thie 
British Association for the Advancement of Science, where it 
was urged to found an institution similar to the Deutsche Reich 


sanstalt, Lord Kelvin said in his speech: 
} 


“The grand success of the Physikalishe Reichsanstalt may be 
judged to some extent here by the record put before us by Profes 
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sor von Helmholtz. Such a proved success may be followed by 
a country like England with very great profit indeed. One thing 
Professor von Helmholtz did not mention was the discovery by 
the Anstalt of a metal whose temperature coefficient with respect 
to electrical resistance is practically nil, that is to say, a metal 
whose electrical resistance does not change with temperature. This 
is just the thing we have been waiting for for twenty or thirty 
years. It is of the greatest importance in scientific experiments, 
and also in connection with the measuring instruments of practical 
electric lighting, to have a metal whose electrical resistance does 
not vary with temperature; and after what has been done, what is 
now wanted is to find a metal of good quality and substance whose 
resistance shall diminish as temperature is increased. We want 
something to produce the opposite effect to that with which we 
are familiar. The resistance of carbon diminishes as temperature 
increases; but its behavior is not very constant. Until within 
the last year or so nothing different was known of metals from 
the fact that elevation of temperatures had the effect of increasing 
resistance. The Physikalische Anstalt had not been in existence 
two years before this valuable metal was discovered.” 
Then followed this colloquy : 


Professor von Helmholtz: “ The discovery of a metal whose 
resistance diminishes with temperature was made by an Ameri- 
can engineer.” 

Professor Ayrton: ‘‘ By an Englishman—Weston.”’ 

Lord Kelvin: “ That serves but to intensify the position I 
wished to take, whether the discovery was made by an Anglo- 
American, an American Englishman, or an Englishman in Amer- 
ica. It is not gratifying to national pride to know that these 
discoveries were not made in this country.” 


The misinformation of Kelvin was due to the fact that after 
the Weston patents had been published, his alloy was called ‘‘ man- 
ganin ” in Germany, and quite some publicity had been given to its 
properties with scant reference to its real inventor, an occurrence 
which, unfortunately, is not infrequent not only among com- 
mercial interests, but in technical or scientific circles as well. 

No less important was the invention of the Weston cell, which 
in 1908, by the international commission for the establishment of 
standards of electrical measurements, became the accepted uni- 
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versal practical standard for electromotive force. Here again, 
this physical standard was obtained by chemical means. 

Until Weston’s researches on standard cells, the Clark cel! 
had been the standby of the electricians and electrochemists of the 
world, as the standard of electromotive force. It required the 
keen analysis of a Weston to ascertain all the defects of this cel! 
and to indicate the cause of them. Later, he drew from his care 
ful chemical observations the means to construct a cell which was 
free from the defects of its predecessors—a cell that had no 
temperature coefficient and had no “ lag.”’ 

He discovered that the choice of a saturated solution of sul 
phate of zinc in which was suspended an excess of crystals of this 
salt, was an unsuitable electrolyte and one of the principal causes 
why the indications of the Clark cell varied considerably with the 
temperature. It is true that this could be obviated by placing the 
cell in a bath of constant temperature. But this involves new diffi 
culties due to the proper determination of the real temperature 
Furthermore, there is always a “ lag ” in the indications due to the 
fact that, at varying temperatures, it requires a certain time 
before the solution of the salt has adjusted itself to the coefficient 
of saturation for each newly acquired temperature. By studying 
the comparative behavior of various salts at different tempera 
tures, he came to the conclusion that cadmium sulphate is more 
appropriate and this was one of the several important improve- 
ments he introduced in the construction of a new standard of 
electromotive force. 

Doctor Weston assures me that he has succeeded in making 
his alloys to show a change of only one-millionth for a variation 
of 1° C. The metallic alloys he discovered are used in practi- 
cally all kinds of electrical measuring instruments through 
out the world and Weston instruments and Weston methods are 
used as standards everywhere over the world. I have worked in 
several laboratories in Europe equipped with instruments said to 
be “‘ just as good ” as those of Weston, but in most instances they 
were imitations of Weston instruments and it was significant that 
they kept at least one Weston instrument to use to correct and 
compare with their national product. 

The President then recognized Dr. Joseph S. Ames, who read 
the paper, “Early Days in Radio-activity,” by Sir Ernest 
Rutherford (page 281). 
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PRESENTATION OF THE FRANKLIN MEDAL AND 
CERTIFICATE OF HONORARY MEMBERSHIP IN 
THE INSTITUTE TO SIR ERNEST RUTHERFORD 
AT THE FOREIGN OFFICE, JULY 14, 1924. 


Letter from the Prime Minister expressing his regret at his 
inability to attend the ceremony. 

Foreicn Orrice, S. W. 1. 
JuLy 14, 1924. 

I had very much hoped, and it had been my intention, to be present at the 
Foreign Office to-day in order to deliver to Sir Ernest Rutherford The Franklin 
Medal and Certificate of Honorary Membership awarded to him by The 
Franklin Institute of Philadelphia. I regret to say that my Parliamentary 
duties have made it impossible for me to do so and my regret is all the keener 
since it is always a peculiar pleasure for me to take part in any ceremony which 
marks the close relations of friendship and mutual esteem which so happily exist 
between the United States of America and the British Empire. The present 
occasion appears to me to be a particularly happy example of the ties which 
bind the two countries together. It is in the field of intellectual achievement, a 
field which knows no international boundaries, that friendship between nations 
can be formed and developed and can reinforce the foundation of polliti- 
cal friendships. 

My best wishes are with Sir Ernest Rutherford on the occasion of the 
presentation to him of the high honour conferred upon him by an eminent scien- 
tific body of the United States. 

Address of Mr. Charles Trevelyan, President of the Board of 
Education, representing the Prime Minister. 


As you are aware, The Franklin Institute of Pennsylvania 
has awarded to Sir Ernest Rutherford The Franklin Medal and 
Certificate of Honorary Membership in recognition of successful 
researches signally contributing to the present state of knowledge 
of the elements, their constitution and relationships. I need not 
dilate upon the importance of the distinction conferred upon our 
fellow-subject by a body of the standing of The Franklin Institute ; 
but I may perhaps remind you that this medal is awarded yearly 
to those workers in physical science or technology, without regard 
to country, whose efforts have, in the judgment of the Institute, 
done most to advance our knowledge of physical science or its 
applications. Professor Rutherford has thus this year been 
selected from amongst the scientists of the world as the recipient 
of this signal distinction. 

The Franklin Institute, as most of those here present know, 
was founded in 1824 to meet a demand in the United States for an 
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Institution similar to that founded by Count Rumford in London 
in 1799. The founders intended it not only as a suitable memorial 
to the name of Franklin, but as a means of continuing for all time 
the work which throughout his life he probably considered as his 
best, namely, the discovery of physical and natural laws and their 
application to increase the well-being and comfort of mankind. 

Sir Ernest Rutherford is peculiarly fitted to be the recipient 
of the Institute’s medal, for he is one of the most eminent workers 
in the field of molecular physics and a pioneer of the modern 
atomic theory. 

His work is too well known to you for me to speak of it in 
‘ detail. It is, I think, agreed that Sir Ernest Rutherford is, beyond 
question, the greatest experimentalist alive now. 

I cannot perhaps do better, in order to give an idea as to the 
character of his work, than quote the remark of a distinguished 
professor which has been reported to me. 

“When some of your eminent men,” he said, “ publish an 
experiment, we say—‘ This is very interesting; we must repeat it 
and see whether it is true-or not.’ But when Rutherford 
publishes an experiment we say—‘ This is true, we need not 
repeat it.’”’ 

This is the second occasion within three years on which a 
British man of science has been awarded this medal, for in 1922 
a fellow-pioneer, with Sir Ernest Rutherford in the field of 
molecular physics, was awarded this medal. I refer to Sir J. J 
Thomson, who received this medal at the hands of Lord Balfour 
at the Department of Scientific and Industrial Research, a body 
for which Professor Rutherford is now doing work of the highest 
value. I much regret that the Master of Trinity has not been 
able to come to-day. 

The choice of Professor Rutherford for this honour gives to 
us of the Mother country particular pleasure, for it is an honour 
conferred through him upon one of His Majesty’s Dominions 
He is a New Zealander by birth. 

I am very glad that it has been possible for the Ambassador 
of the United States to be present at this ceremony. We greatly 
value this mark of courtesy and the interest taken by Mr. Kellogg 
in this occasion since it is one which joins in friendly appreciation 
our two countries. 


NOTES FROM THE U. S. BUREAU OF STANDARDS.* 


PHYSICAL PROPERTIES OF MATERIALS: I. STRENGTHS AND 
RELATED PROPERTIES OF METALS AND WOOD, 


[ABSTRACT. ] 


THE circular represents a compilation of the most probable 
values, from a testing engineer’s viewpoint, for the tensile, com- 
pressive, and shearing strength; ductility; modulus of elasticity ; 
and other related properties of pure methods and their alloys, and 
of wood. In addition to these, and whenever the existing data 
warranted, the circular gives the properties of metals at elevated 
temperatures and their fatigue and impact properties. Values for 
other physical properties include those for specific gravity, melting 
point, and the coefficient of expansion. 

Properties and uses of less commonly used metals are described 
briefly. 

Graphical representation is used in many cases to show the 
effect of heat treatment, temperature, and other conditions on the 
properties of a material. 

References to the sources are given for all values in the circu- 
lar. These include the experimental results published in American 
and European technical periodicals, the specifications of technical 
societies and of government departments and unpublished results 
of the Bureau of Standards. 


UNITED STATES GOVERNMENT SPECIFICATION FOR COAL- 
TAR PITCH FOR WATERPROOFING AND DAMP-PROOFING.’ 


[ ABSTRACT. ] 
Federal Specifications Board Specification No. 83. 

Tuis specification was prepared by the technical committee on 
bituminous roofing and waterproofing materials of the Federal 
Specifications Board. In its preparation careful consideration 
was given to the suggestions received from the producers of coal- 
tar pitch, waterproofing contractors, architects, engineers, and 


*Circular No. 101, second edition, price forty cents. 
*Circular No. 155, price five cents. 
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The specification covers coal-tar pitch produced from the 
straight distillation of gas-house or coke-oven coal-tars or thei: 
mixtures. This coal-tar pitch is intended for use alone as ; 
damp-proof coating for concrete, masonry, etc., or as a plying 
cement with Coal-tar Saturated Rag Felt for Roofing and Water 
proofing (Federal Specifications Board Specification No. 8&1, 
Bureau of Standards Circular No. 156) in the construction oi 
membrane waterproofing. It is suitable for use on tanks, reta‘n 
ing walls, dams, conduits, foundations of buildings, tunnels, sub 
ways, pools, reservoirs, etc., where not subject to vibration and 
where not exposed, except during installation, to temperatures 
_ exceeding 100° F. 

The specification covers the physical characteristics of the coal 
tar pitch as well as methods for sampling and testing deliveries 
The physical requirements are as follows: 

(a) Appearance.—The freshly melted coal-tar pitch shall hav 
a uniform glossy black color, and on aging one week its surface 
shall not become dull or show any separation of oily constituents. 
The freshly fractured material shall present a satiny black surface. 

(b) Melting Point (Cube in Water).—125° to 150° F. 

(c) Ductility at 77° F. (Dow Mold), Rate of Pull, 5 cm. pe 
Minute-—Minimum, 50 cm. 

(d) Specific Gravity at 77° F.—1.22 to 1.34. 

(e) Free Carbon.—15 to 30 per cent. 

(f) Distillation Test—Not more than 12 per cent. by weight 
shall distil below 572° F. The specific gravity of the distillate shall 
not be less than 1.03. 


UNITED STATES GOVERNMENT SPECIFICATION FOR COAL- 
TAR SATURATED RAG FELT FOR ROOFING 
AND WATERPROOFING: 


[ABSTRACT. ] 
Federal Specifications Board Specification No. 81. 

THIs specification was prepared by the technical committee on 
bituminous roofing and waterproofing materials of the Federal 
Specifications Board. In its preparation careful consideration was 
given to suggestions received from the producers of roofing and 
waterproofing materials, roofing and waterproofing contractors, 
and large users of these materials. 


* Circular No. 156, price five cents. 
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The specification covers cotton-rag roofing felt impregnated 
with coal-tar saturating compounds. This felt is intended for 
use with Coal-tar Pitch for Roofing (Federal Specifications Board 
Specification No. 80, Bureau of Standards Circular No. 157) in 
the construction of 3-, 4-, and 5-ply coal-tar, built-up roofing sur- 
faced with mineral matter, and with Coal-tar Pitch for Water- 
proofing and Damp-proofing (Federal Specifications Board 
Specification No. 83, Bureau of Standards Circular No. 155) in 
the construction of membrane waterproofing. 

The requirements of the saturated felt are given as well as 
methods for the sampling and testing of deliveries. The require- 
ments are as follows: 

(a) Appearance-—The material shall be free from visible 
external defects and shall be uniform throughout. When unrolled 
at temperatures between 50° and go° F. it shall not stick to such 
an extent as to cause tearing. 

(b) Width.—32 or 36 inches + one-fourth inch. 

(c) Gross Weight of Roll.—s50 to 80 pounds. 

(d) Weight of Wrapping, Packing, Etc., per Roll.—Maxi- 
mum, one-half pound. 

(e) Weight per 100 Square Feet, Exclusive of Packing, Etc. 
—14 pounds + I pound. 

(f) Pliability at 77° F.—The material shall not crack on bend- 
ing flat through an arc of 180° over a one-sixteenth-inch mandrel. 

(g) Average Breaking Strength—wWith fibre grain, 30 
pounds ; across fibre grain, 15 pounds. 

(h) Thickness of Desaturated Felt—Minimum, 0.025 inch. 

(1) Ash of Desaturated Felt—Maximum, 8 per cent. 

(7) Packing and Labelling—The felt shall be properly 
wrapped and labelled with the manufacturer’s name, brand, grade, 
weight, area of roll, and type of saturant. 


UNITED STATES GOVERNMENT SPECIFICATION FOR COAL- 
TAR PITCH FOR ROOFING. 


[ABSTRACT. ] 
Federal Specifications Board Specification No. 80. 

THIs specification was prepared by the technical committee on 
bituminous roofing and waterproofing materials of the Federal 
Specifications Board. In its preparation careful consideration was 
given to the suggestions received from producers and large users 


*Circular No. 157, price five cents. 
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of roofing materials, roofing contractors, architects, and enginee: 

The specification covers coal-tar pitch produced from the 
straight distillation of gas-house or coke-oven coal-tars or thei: 
mixtures. This coal-tar pitch is intended for use as a plying 
cement with Coal-tar Saturated Rag Felt for Roofing and Wate: 
proofing (Federal Specifications Board Specification No. 8&1 
Bureau of Standards Circular No. 156) in the construction | 
3-, 4-, and 5-ply built-up roofing surfaced with mineral surfacing 
materials conforming to Federal Specifications Board Specifica 
tion No. 82, Bureau of Standards Circular No. 158 (Surfacing 
Materials for Bituminous Built-up Roofing). It is suitable for 
use on inclines not exceeding three inches to the foot on roof su: 
faces into which nails can be driven, and on inclines not exceeding 
one inch per foot on concrete. 

The physical characteristics of the coal-tar pitch are given as 
well as methods for the sampling and testing of deliveries. Th: 
physical requirements are as follows: 

(a) Appearance—The freshly melted coal-tar pitch shall b 
a uniform glossy black color, and on aging one week its suriac 
shall not become dull or show any separation of oily constituents 
The freshly fractured material shall present a satiny black suriac 

(b) Melting Point (Cube in Water).—140° to 150° F. 

(c) Ductility at 77° F. (Dow Mold), Rate of Pull, 5 cm. pe 
Minute—Minimum, 50 cm. 

(d) Specific Gravity at 77° F.—1.22 to 1.34. 

(e) Free Carbon.—15 to 30 per cent. 

(f) Distillation Test—Not more than 12 per cent. by weight 
shall distil below 572° F. The specific gravity of the distillate 
shall be not less than 1.03. 


UNITED STATES GOVERNMENT SPECIFICATION FOR 
SURFACING MATERIALS FOR BITUMINOUS 
BUILT-UP ROOFING‘ 

[ ABSTRACT. ] 

Federal Specifications Board Specification No. 82. 

THIs specification was prepared by the technical committee on 
bituminous roofing and waterproofing materials of the Federal 
Specifications Board after considering suggestions received from 
the producing and consuming interests involved. 

It covers gravel, crushed hard blast-furnace slag, crushed stone, 
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vitrified-shale promenade tile, and slate slabs for use as surfacing 
materials for 3-, 4-, and 5-ply built-up roofing constructed from 
asphalt, coal-tar pitch, and asphalt and coal-tar saturated rag felt 
conforming to Federal Specifications Board Specifications Nos. 
80, 81, 84, and 86, respectively. 

The specification gives the general requirements and gradation 
in size of the gravel, crushed slag, and crushed stone, and methods 
for their sampling and mechanical analysis. General requirements 
for promenade tile and slate slabs are given. 


UNITED STATES GOVERNMENT SPECIFICATION FOR 
ASPHALT FOR MINERAL-SURFACED ROOFING.’ 


[ ABSTRACT. ] 


Federal Specifications Board Specification No. 84. 


THIs specification was prepared by the technical committee 
on bituminous waterproofing and roofing materials of the Federal 
Specifications Board. In its preparation careful consideration was 
given to the suggestions received from producers of asphalt, manu- 
facturers of roofing materials, roofing contractors, and large 
users of asphalt built-up roofing. 

The specification covers both petroleum asphalt and mixtures 
of refined Trinidad asphalt with petroleum or other asphaltic flux- 
ing materials. This asphalt is intended for use with Asphalt-satu- 
rated Rag Felt for Roofing and Waterproofing (Federal Specifi- 
cations Board Specification No. 86, Bureau of Standards Circular 
No. 161) in the construction of 3-, 4-, and 5-ply built-up roofing 
surfaced with mineral matter. It is adapted to inclines not exceed- 
ing three inches to the foot. 

The physical characteristics of the asphalt are given as well 
as methods for the sampling and testing of deliveries. The gen- 
eral requirements of the asphalt are: 

(a) Appearance.—The freshly melted asphalt shall be uni- 
formly glossy, and on aging one week its surface shall not become 
dull or show any separation of oil, grease, paraffin scale, or 
similar material. 

(b) Melting Point (Ring and Ball Method).—140° to 
165° F. 
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(c) Penetration at 77° F. (100 g. 5 Seconds).—25 to 50. 

(d) Penetration at 32° F. (200 g. 60 Seconds).—Mini 
mum, IO. 

(e) Ductility at 77° F. (Dow Mold), Rate of Pull, 5 cm. 
per Minute—Minimum, 5 cm. Other considerations being equal, 
preference will be given to asphalt having a minimum ductility at 
77° F. of 20 cm. 

(f) Volatile Matter on Heating at 325° F. for Five Hours.— 
Maximum, 1.5 per cent. 

(g) Decrease in Penetration at 77° F. after Heating as in 
(f).—Maximum, 40 per cent. 

(h) (1) Soluble in Carbon Bisulphide (in the case of petro- 
leum asphalt only).—Minimum, 99 per cent. 

(2) Ash (in the case of mixtures of refined Trinidad asphal 
with petroleum asphalt or asphalt fluxing materials ).—Minimum, 
20 per cent. The ash shall have the characteristics of the ash 
obtained from refined Trinidad asphalt. 


UNITED STATES GOVERNMENT SPECIFICATION FOR 
ASPHALT FOR WATERPROOFING AND 
DAMP-PROOFING:' 


[ABSTRACT. ] 
Federal Specifications Board Specification No. 8s. 


Tuis specification was prepared by the technical committee on 
bituminous waterproofing and roofing materials of the Federa! 
Specifications Board. In its preparation careful consideration 
was given to suggestions received from the producers of asphalt, 
waterproofing contractors, architects, engineers, and large con 
sumers of waterproofing materials, such as railroads. 

The specification covers asphalt produced from the distillatio: 
and careful refining of asphaltic-base crude petroleums. This 
asphalt is intended for use alone as a damp-proof coating for con 
crete, masonry, etc., or as a plying cement with Asphalt-saturated 
Rag Felt for Roofing and Waterproofing (Federal Specifications 
Board Specification No. 86, Bureau of Standards Circular No 
161), in the construction of membrane waterproofing. It is suit- 
able for use on railroad bridges, tanks, retaining walls, dams, con- 
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duits, foundations for buildings, tunnels, subways, pools, reser- 
voirs, etc. 

The specification covers the physical characteristics of the 
asphalt as well as methods for the sampling and testing of 
deliveries. 

The requirements of the asphalt are: 

(a) Appearance-——The freshly melted asphalt shall be uni- 
formly black and glossy, and on aging one week its surface shall 
not become dull or show any separation of oil, grease, paraffin 
scale, or similar material. 

(b) Melting Point (Ring and Ball Method).—140° to 
oF. 

(c) Penetration at 77° F. (100 g. 5 Seconds) .—25 to 50. 

(d) Penetration at 32° F. (200 g. 60 Seconds) .—Mini- 
mum, IO. 

(e) Penetration at 115° F. (50 g. 5 Seconds).—Maxi- 
mum, 100. 

(f) Ductility at 77° F. (Dow Mold), Rate of Pull, 5 cm. 
per Minute.—15 cm. 

(g) Volatile Matter on Heating at 325° F. for Five Hours.— 
Maximum, I per cent. 

(h) Decrease in Penetration at 77° F. after Heating as in 
(g).—Maximum, 40 per cent. 

(1) Soluble in Carbon Bisulphide—Not less than 99 per cent. 
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UNITED STATES GOVERNMENT SPECIFICATION FOR 
ASPHALT-SATURATED RAG FELT FOR ROOFING 
AND WATERPROOFING' 


[ ABSTRACT. ] 


Federal Specifications Board Specification No. 86. 


THis specification was prepared by the technical committee on 
bituminous roofing and waterproofing materials of the Federal 
Specifications Board. In its preparation careful consideration 
was given to the suggestions received from the producers of roof- 
ing and waterproofing materials, roofing and waterproofing con- 
tractors, and large users of these materials. 

The specification covers cotton-rag roofing felt impregnated 
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with asphaltic-saturating compounds. This felt is intended fo: 
use with asphalt for mineral-surfaced roofing (Federal Specifica 
tions Board Specification No. 84, Bureau of Standards Circular 
No. 159) in the construction of asphalt built-up roofing and with 
Asphalt for Waterproofing and Damp-proofing (Federal Speci! 

cations Board Specification No. 85, Bureau of Standards Circular 
No. 160) in the construction of membrane waterproofing. 

The requirements of the saturated felt are given as well as 
methods for the sampling and testing of deliveries. The gen 
eral requirements are : 

(a) Appearance——The material shall be free from visibl 
external defects and shall be uniform throughout. When unrolled 
at temperatures between 50° and go° F-. it shall not stick to suc! 
an extent as to cause tearing. 

(b) Width.—32 or 36 inches + one-fourth inch. 

(c) Gross Weight of Roll.—50 to 80 pounds. 

(d) Weight of Wrapping, Packing, Etc., per Roll—Maxi 
mum, one-half pound. 

(e) Weight per 100 Square Feet, Exclusive of Packing, Etc 
—14 pounds + 1 pound. 

(f) Pliability at 77° F.—The material shall not crack on bend 
ing flat through an arc of 180° over a one-sixteenth-inch mandre| 

(g) Average Breaking Strength—wWith fibre grain, 30 
pounds; across fibre grain, 15 pounds. 

(h) Loss on Heating at 221° F. for Five Hours.—Maxi 
mum, 4 per cent. 

(1) Weight per too Square Feet of Moisture-free Desatu 
rated Felt—Minimum, 5.2 pounds. 

(7) Weight per 100 Square Feet of Saturant—Minimum, 
1.4 times the weight of the moisture-free felt per 100 square feet 

(k) Weight per 100 Square Feet of Comminuted Surfacing 
—Maximum, I pound. 

(1) Ash of Desaturated Felt—-Maximum, 8 per cent. 

(m) Packing and Labelling—The felt shall be properly 
wrapped and labelled with the manufacturer’s name, brand, grade, 
weight, area of roll and type of saturant. 
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UNITED STATES GOVERNMENT SPECIFICATION FOR 
ASPHALT PRIMER FOR ROOFING AND 
WATERPROOFING’ 


[ABSTRACT. ] 
Federal Specifications Board Specification No. 87. 


Tuls specification was prepared by the technical committee 
on bituminous roofing and waterproofing materials of the Federal 
Specifications Board. In its preparation careful consideration was 
given to the suggestions received from producers and consumers 
of this product. 

The specification covers a solution of asphalt in a volatile sol- 
vent which is intended for use in priming concrete, gypsum, and 
masonry surfaces over which asphalt built-up roofing and asphalt 
damp-proofing and membrane waterproofing are té be applied 

The specification gives the general requirements of the material 
and methods for the sampling and testing of deliveries. The 
requirements are as follows: 

The material shall consist of an asphaltic base thinned to 
suitable brushing consistency with a volatile solvent. The 
asphaltic base shall be not less than 35 per cent. by weight, 
and when separated by appropriate methods shall have the follow- 
ing characteristics : 

(1) Melting Point (Ring and Ball Method).—131° to 
170° F. 

(2) Penetration at 77° F. (100 g. 5 Seconds).—15 to 50. 

The solvent used shall be a hydrocarbon distillate having an 
end-point on distillation not exceeding 500° F., of which not more 
than 20 per cent. shall distil under 248° F. 


Coal Supply of Germany.—The outcome of the World War has 
brought about extraordinary changes with regard to possession of 
industrial raw materials as far as European countries are concerned 
and which are of greatest and far-reaching importance for Germany 
especially. Germany has lost practically all resources for industrial 
raw materials. The loss of Alsace-Lorraine is identical with the 
loss of iron ore mines and also German coal field reserves have 
greatly decreased. 

A comparison of coal field reserves before and after the war of 
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the various European countries as determined by the International 
Congress of 1913, which took place in Canada, indicates a total of 813 
billion metric tons. In accordance with said estimate Germany was 
in 1913 the principal coal-producing country with the largest reserves 
reaching 424 billion tons. England was named as second with 18) 
billions. Due to the war Germany lost in the first place Lorraine wit! 
an estimated coal reserve of 0.8 billion tons and the Saar district 
with 12.2 billion tons, a total of 13 billion tons. The loss of the coal! 
reserves in Upper Silesia, now belonging to Poland, is estimated at 
176 billion tons, so that total loss of coal reserves reaches 189 
billion tons. 

Russia has also suffered a loss of coal reserves due to the wat 
although this loss is insignificant compared with Germany's. By th 
separation of Poland from Russia, the latter lost a coal reserve « 
3 billion tons which total does not alter much Russia’s importance as 
coal producer. Therefore, France and Poland solely have gained b 
the alteration of the map of Europe. Coal reserves of France hav: 
increased from 18 to 31 billion tons and those of Poland from practi 
cally nothing to 208 billions. 

Since January 1st, when France occupied the Ruhr, Germany does 
not figure any more among the leading coal-producing countries o 
Europe. Considering that France to-day controls the coal fields i: 
the Ruhr and those on the left side of the Rhine German coal reserves 
as estimated above with 235 billion tons are reduced by go per cent. oi 
the Ruhr reserves of 190 billion tons and by 13 billions of the reserves 
on the left side of the Rhine. Therefore Germany, formerly th: 
largest coal producer in Europe, is now fourth. Germany’s place i 
taken by France and Poland while England has been placed thir 
on the list. 

Germany’s remaining coal reserves of 64 billion tons are divided 
as follows: Upper Silesia, 35 billion tons; Westphalia, 19 billions; 
Lower Silesia, 3 billions, and Saxon coal fields, 1 billion. In addition 


there are 6 billion tons of lignite in Central Germany. (Frou 
Publication of the American Chamber of Commerce in Germany.) 
5. L. 


Qualitative Test for Acetone.—Frommer, in 1905, described a 
delicate test for acetone depending on the reaction with salicyl alde- 
hyde in presence of a strongly alkaline solution. LerFFMANN (Amer. 
Jour. Pharm., 1924, 96, 507) finds that vanillin may be used instead 
of the salicy! aldehyde, which is not a familiar laboratory reagent 
The test is performed by adding a few c.c. of a 5 per cent. solution of 
vanillin in dilute alcohol to about 10 c.c. of the sample, and the: 
dropping in a small piece of sodium hydroxide. A red ring soon 
forms just above the alkaline layer, if an appreciable amount 
acetone is present. Cumarin gives no reaction. A. R. 
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NOTES FROM THE RESEARCH LABORATORY, 
EASTMAN KODAK COMPANY.* 


THE MEASUREMENT OF INTENSIFYING FACTORS OF X-RAY 
INTENSIFYING SCREENS.’ 


By R. B. Wilsey. 


HERETOFORE, the sensitometric determinations of X-ray inten- 
sifying screen factors have not given reliable results owing to the 
fact that the intensity of the fluorescent light depends considerably 
on the quality and intensity of the incident X-rays, and the proper 
conditions for exposure of the screens had not been determined. 
In the present experiment it was found that satisfactory values of 
intensifying factors were obtained if the X-rays were filtered by 
a sufficient thickness of aluminum to give the same intensity and 
quality of the X-rays as is transmitted by a 15-cm. thickness of 
water under the standard conditions of X-ray tube operation; 
a correction factor must be applied to take account of the 
difference in the sensitivity of the screens to direct and scat- 
tered radiation. 

. The exposure conditions determined upon were as follows: 
60 kilovolts on the X-ray tube; 4 milliamperes; 1 cm. aluminum 
filter; and 50 cm. target film distance; the ratio of the exposure 
with and without screens for a density of one by standard develop- 
ment must be multiplied by 0.83 for single screens and 0.78 for 
double screens to obtain the correct intensifying factor. 

Cassettes were tested for contact between film and screen by 
the use of a screen ruled with cross-lines; cassettes with rigid 
hack lined with thin felt gave poor contact in central area, owing 
to the bulge in the face of the cassette. The back of a cassette 
should be slightly flexible and should be lined with thick soft felt. 


SLOW GELATION IN PRESSURE-STILL TAR? 
By S. E. Sheppard and L. W. Eberlin. 


A QUANTITY of a petroleum residue, so-called “ pressure-still ” 
tar, or oil, was obtained from Burton stills, for experimental work 
on colloidal fuel. It was desired to find a process that would 


* Communicated by the Director. 
‘Communication No. 201 from the Research Laboratory of the Eastman 
Kodak C_mpany and published in Radiology, 2, 311-15 (1924). 
*Communication No. 204 from the Research Laboratory of the Eastman 
Kodak Company and published in /nd. Eng. Chem., 16: 832, 1924. 
Vor. 198, No. 1185—29 401 
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prevent flocculation and settling, and that would arrest or delay t! 
slow gelation of the pressure-still tar. Two methods were invest 
gated. By the first method, in which naphthalene was added | 
the sample, it was possible to reduce the viscosity and to remo\ 
50 per cent. of the free carbon by centrifugation. The treatmen: 
with naphthalene improved the material as a fuel oil, but soo: 
reached a point at which it became uneconomical. The seco: 
method used was to treat the oil with a “ fixateur.” It was fou 
that the samples containing the fixateur showed less gelation th: 
the straight tar which contained no fixateur. Samples that ha: 
been standing for three years showed pronounced gelation. 


Allotropy of Germanium Dioxide.——Horace BLaAnk (PH 
Thesis, Graduate School, University of Pennsylvania, 1924, 
pages) has prepared an insoluble form of germanium dioxide. 
soluble form of this dioxide is obtained by hydrolysis of germaniu: 
tetrachloride. If its solution be evaporated, an anisotropic residue 
germanium dioxide is obtained, which is soluble in water, but 
partially converted into a water-insoluble modification on heating at 
temperatures between 225° and 1040° C. Ina given period of tim: 
the maximum yield of the insoluble variety occurs at a temperatu: 
of 380° C. All forms of germanium dioxide fuse at a temperatu 
of approximately 1100° C. to a viscous liquid; the latter solidifies | 
a glass which is soluble in water. 

Germanium dioxide apparently exists in three allotropic modifi 
tions. The insoluble form may be considered as stable at ordina 
temperatures. In addition to this stable form, two metastable fort 
exist; both are soluble in water; they differ from each other wit 
respect to the rate at which they are transformed into the ins 
uble form. Sian i 


The Vacuum—There’s Something in It.—This was the ti 
of the public lecture delivered at the last annual convention of t! 
Society of the Sigma Xi by W. R. Wuitney (Sigma Xi Quarte 
1924, 12, 31-38). The vacuum has an endless amount of inter 
and utility. Each week, the American public now purchases ove: 
million dollars’ worth of glass vacua. The most perfect vacuum \ 
obtained probably contains as many molecules of gas per cubic in 
as there are people in the entire world. The applications of t! 
vacuum are most varied, ranging from the vacuum-jacketed bott! 
the incandescent bulb, and the X-ray tube to the transformation 
currents, the determination of the internal structure of crystals a1 
of chemical elements, and wireless communication. a. o H. 


NOTES FROM THE U. S. BUREAU OF CHEMISTRY.* 


RELATION BETWEEN THE COMPOSITION OF CALIFORNIA 
CANTALOUPES AND THEIR COMMERCIAL MATURITY.’ 


By E. M. Chace, C. G. Church, and F. E. Denny. 
[ ABSTRACT. ] 


Tue soluble solids content, the refractive index, and the 
sucrose content of the juice of cantaloupes increase and the per- 
centage of starch in the seeds decreases as the melons ripen. 

The juice of melons which are mature when picked has a 
specific gravity of at least 1.040, equivalent to 10 per cent. solids, 
a refractive index of at least 55 on the immersion refractometer, 
and a sucrose content not less than 4.5 per cent. The seeds of 
such melons contain less than 0.5 per cent. of starch. 

Melons gain in flavor, but not in sweetness, after being picked. 
On storage at low temperatures, such as are found in iced cars, 
the melons change but little, so that their composition during and 
immediately after storage indicates their condition when picked. 
\fter softening, if kept at ordinary temperatures there is a slight 
loss in sucrose. After picking and storage, there is a loss of 
starch in the seeds. 


MAKING VINEGAR IN THE HOME AND ON THE FARM? 
By Edwin LeFevre. 


[ ABSTRACT. ] 


VINEGAR can be made from any fruit, or, in fact, from any 
material which contains enough sugar and is in no way 
objectionable. 

Whether it is done on a small scale in the home, on a larger 
scale on the farm, or on a still larger scale in the factory, the 
production of vinegar is the result of two distinct fermen- 
tation processes—an alcoholic fermentation followed by an 
acetic fermentation. 

Farmers’ Bulletin 1424 gives methods by which vinegar of 

* Communicated by the Chief of the Bureau. = 

Issued as U. S. Department of Agriculture Bulletin No. 1250. 

*Issued as U. S. Department of Agriculture Farmers’ Bulletin 1424. 
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good quality may readily be made from apples, peaches, grapes, 
and other fruits, large quantities of which are wasted each yea 
in the United States. 


INHERITANCE OF COMPOSITION IN FRUIT THROUGH 
VEGETATIVE PROPAGATION.’ 


BUD VARIANTS OF EUREKA AND LISBON LEMONS. 
By E. M. Chace, C. G. Church, and F. E. Denny. 


[ ABSTRACT. ] 


AN investigation was conducted to determine the extent to 
which fruit from different Eureka and Lisbon lemon trees varies 
in composition, whether or not this variation is greater betwee: 
different strains of trees than between individual trees, and 
whether or not the peculiarities of composition found in the 
fruit of parent trees are transmitted to the fruit of progeny trees 
by vegetative propagation. 

The following probable differences were found to exist : 

In the Lisbon variety, the Dense Unproductive strain has a 
higher specific gravity than the Bull strain. The Bull strain has 
the highest proportion of rind found in any of the strains of this 
variety. The Lisbon strain is more highly acid than either the 
Open or the Dense Unproductive strain. The Dense Unproduc 
tive strain is also more acid than the Open strain. 

In the Eureka variety, the Eureka strain is more acid than the 
Shade Tree strain. Other differences may exist, but the data at 
hand are inconclusive in these cases. 


Prevention of Lead Poisoning in the Rubber Industry.—!n 
the manufacture of rubber products, compounds of lead, such as 
litharge, are used as accelerators in the process of vulcanization 
Oils or petrolatum are added in order to influence the texture of th: 
final product, and are known as softeners. LEONARD GREENDUR 
(Public Health Reports, 1924, 39, 1567-1568) recommends that the 
litharge and the softener be mixed in the usual ratio (8 parts of th 
former to 1 part of the latter), and that the requisite amount of this 
salve-like mixture be added to each batch prior to vulcanization. 1) 
this procedure, the danger to the workmen from toxic lead dust is 
kept at a minimum. 7; 5. 


*Issued as U. S. Department of Agriculture Bulletin No. 1255. 
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Detection of Diethyphthalate——The use of this substance for 
denaturing alcohol intended for external use, and the liability of such 
alcohol to be deprived of most of the ester (which is extremely bitter ) 
in order to make a beverage, has rendered delicate tests for it of much 
value in tracing such recoveries. LEFFMANN (Amer. Jour. Pharm., 
1924, 96, 503) has made comparative examinations of several of the 
tests lately suggested. ‘These depend upon the power of the phthalates 
to react with phenolic substances, producing highly colored com- 
pounds. Lyons first suggested resorcinol, producing fluorescein. 
Calvert found it possible to obtain phenolphthalein. Andrew found 
that the resorcinol method is unsafe unless a low temperature is used. 
Utz published in a German journal recently a procedure with resor- 
cinol which is very delicate; but Leffmann found it liable to give 
fluorescent solutions when no phthalate is present. His comparisons 
lead to approval of Andrew’s process, as published in J./.E.C. (1923, 
15, 838). A. R. 


Zinc Hypochlorite —J. A. W. Luck (Jour. Am. Pharm. Asso., 
1924, 13, 710-712) has attempted to prepare this compound by the 
action of chlorine gas on a fine suspension of zinc oxide in water. 
A solid product deposited which contained 16.4 per cent. of available 
chlorine when dried for a period of forty-eight hours at a temperature 
of 40° to 60° C. When the hydroxyl ion concentration of the 
suspension was increased by addition of sodium hydroxide, the dried 
product contained 17.96 per cent. available chlorine. The moist prod- 
uct contained as much as 29.98 per cent. available chlorine calculated 
on the dry basis. In other words, available chlorine was lost during 
drying. Luck calculates that, with this maximum content of available 
chlorine, 72.96 per cent. of the solid matter in the moist product 
consisted of a mixed salt of zinc with the formula Zn.OCI.Cl. Pure 
zinc hypochlorite would be a valuable therapeutic agent, since it 
would contain both the zine cation with its astringent prop- 
erty and the hypochlorite anion (OCI) with its oxidizing and anti- 
septic properties. SF 


Abrasive Materials in 1923.—The production of natural abrasive 
materials in 1923 was much larger than in 1922, according to a state- 
ment issued by the Department of the Interior, prepared in the Geo- 
logical Survey. The total quantity produced was about 250,000 
tons, valued at more than $4,000,000. In addition there was pro- 
duced in 1923 more than 80,000 tons of artificial abrasives, valued 
at $8,778,000. 


Atomic Weight of Zirconium.—F. P. VeNAsLe and J. M. BELL, 
of the University of North Carolina (Jour. Am. Chem. Soc., 1924, 46, 
1833-1834), have recalculated the results obtained in their research 
on the atomic weight of zirconium, and find that the atomic weight of 
this element is very close to 91.2. i es 
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THE FRANKLIN INSTITUTE. 


To tHe Mempers OF THE FRANKLIN INSTITUTE: 

In connection with the Centenary Celebration of The Franklin Institut: 
the following program is issued, based on information available Septeml« 
4, 1924. 

Formal invitations have been extended to universities and colleges, learn 
and professional societies, and to certain industrial institutions, which hay 
been closely affiliated with the Institute, with the request that they appoint 
delegates to represent them on this occasion. 

No formal invitations have been issued to individuals, but cards have be« 
printed on which is extended a cordial invitation to the recipient to attend t 
various lectures incident to the Celebration. 

I shall be glad to have members send me the names and addresses of ind 
viduals to whom they desire these cards sent. 

It is hoped that all members of the Institute will arrange to attend som 
or all of these functions. 

In order to provide ample accommodation for the audiences, it has be: 
found necessary to avail ourselves of the courteous offer of the Univer: 
of Pennsylvania and many of the addresses scheduled will be delivered in 
various lecture halls of the University. 

Wau. C. L. Ec, 
President 
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CENTENARY CELEBRATION OF THE FOUNDING OF 
THE FRANKLIN INSTITUTE 


AND THE INAUGURATION EXERCISES OF THE BARTOL 
RESEARCH FOUNDATION, 


September 17, 18, 19, 1924, Philadelphia. 
THE COMMITTEES OF THE CENTENARY CELEBRATION. 
HONORARY COMMITTEE. 
E.tinu Tuomson, Chairman 


NicHo.tas F. Brapy Jostan H. PENNIMAN 


Watton CLARK Joun J. PERSHING 
Morris L. CLoTHieER J. Howarp Pew 
Cuarites A. CorFIn SAMUEL REA 


PirrrE S. Dupont TuHeopore W. RICHARDS 
Tuomas A. Epison WILLIAM CAMERON SPROUL 
SAMUEL INSULL Harry B. THAYER 

Josern B. McCati SAMUEL M, VAUCLAIN 
RANDAL MorGAN RopMAN WANAMAKER 
WuiaM H. NIcHo.s Epwarp WESTON 


EXECUTIVE COMMITTEE. 
Wm. C. L. Eciin 
Watton CLARK C. C. TuTwiLer 
Henry Howson, Treasurer 


GELLERT ALLEMAN, Chairman 


PROGRAM. 
WEDNESDAY, SEPTEMBER 17TH. 


9.00 A.M. Assembly of Delegates and Guests at the Hall of The Franklin 
Institute, 15 South Seventh Street. 

9.45 A.M. Academic Procession from the Hall of The Franklin Institute to 
the Walnut Street Theatre. Academic Costume is in order, but not 
required. 

10.15 A.M. Invocation. Reverend Louis C. Washburn, S.T.D., Rector of 
Christ Church, Philadelphia. 

10.30 A.M. Address of Welcome. The Honorable W. Freeland Kendrick, 
Mayor of Philadelphia. Address: President Wm. C. L. Eglin, Sc.D. 
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Address: Professor Elihu Thomson, Ph.D., Sc.D., Honorary Chairn 
of the Centenary Celebration Committee of The Franklin Institute. 
1.00 P.M. Luncheon to Delegates and Guests, the Bellevue-Stratford. 
2.30 P.M. Sectional Meetings, The Franklin Institute, 15 South Sev 
Street, the University of Pennsylvania. 
7.30 P.M. Dinner Parties. 


THURSDAY, SEPTEMBER 18TH. 


10.00 A.M. Sectional Meetings, the University of Pennsylvania. 

1.30 P.M. Luncheon to Delegates and Guests, the Bellevue-Stratford 

2.30 P.M. to 6.00 p.m. Garden Party. 

8.30 p.m. Open Meeting, the University Museum, Thirty-third and Sp: 
Streets. President Wm. C. L. Eglin, Sc.D., presiding, will introduce 
Chairman of the evening, The Hon. William Cameron Sproul, LL.D 
Address: “The Natural and Artificial Disintegration of Elements,” 
Professor Sir Ernest Rutherford, Kt., D.Sc., LL.D., Ph.D., D.Phys., F.R-S 
Trinity Collge, Cambridge. 


FRIDAY, SEPTEMBER 190TH. 


9.30 A.M. Unveiling of Tablet at Bartol Research Foundation, 127 N 
Nineteenth Street, Mr. C. C. Tutwiler, presiding. 

9.45 A.M. The Academy of Natural Sciences, Nineteenth and Race Street 
Address: “ The Fifth Estate,” by Arthur D. Little, Chem.D., Cambridg 
Address: “ Stimulation of Research and Invention,” by Professor D 
Jacobus, Dr. Eng., New York City. 

11.30 A.M. Sectional Meetings, the University of Pennsylvania. 

2.00 p.M. Luncheon to Delegates and Guests, the Bellevue-Stratford 

4.00 P.M. Convocation at the University of Pennsylvania, President Jos 
Harmer Penniman, Ph.D., LL.D., L.H.D., presiding. 

7.30 P.M. Banquet to Delegates and Guests, the Bellevue-Stratford. 

Presentation of greetings from universities, colleges, learned and professi 
societies and industrial organizations. 

SECTIONAL MEETINGS. 
WEDNESDAY, SEPTEMBER 17TH. 
2.30 p.M.—The Hall of The Franklin Institute, 15 South Seventh Str 

Rear Admiral W. A. Moffett, presiding. 

Professor Joseph S. Ames, Ph.D., LL.D., The Johns Hopkins Univers't 

“Recent Developments in Aeronautics.” 

Major General Mason M. Patrick, Chief, United States Air Ser\ 

“ Military Aircraft and Their Use in Warfare.” 

Major General George Owen Squier, Ph.D., United States War Dep: 
ment, “ Electrical Communications for Military Purposes.” 
General John J. Carty, D.Se., LL.D., American Telephone and Telegra; 

Company, “ Progress in Telephony.” 

2.30 p.M.—Lecture Room No. 216, Engineering Building, University 

Pennsylvania. Dean Howard McClenahan, presiding. 
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Professor W. Lash Miller, Ph.D., University of Toronto, “ Concentration 
and Polarization at the Cathode during Electrolysis of Solutions of Copper 
Salts.” 

Professor Julius Stieglitz, Ph.D., D.Sc., Ch.D., University of Chicago, 
“The Theory of Color Production in Organic and Inorganic Compounds.” 

Professor E. G. Coker, M.A., D.Sc., F.R.S., University College, London, 
“ Photo-elasticity.” 

2.30 P.M.—Lecture Room No. 226, Engineering Building, University of 
Pennsylvania. President Frank J. Sprague, presiding. 

Dean Dexter S. Kimball, M.E., The College of Engineering, Cornell Uni- 
versity, ‘“‘ The Progress and Promise of Engineering.” 

Daniel E. Moran, M.Sc., Consulting Engineer, “ Some of the Effects of 
Loading Granular Material.” 

Brigadier General Edgar Jadwin, United States War Department, “ Modern 
Military Engineering.” 

2.30 p.M.—Lecture Room No. 314, Engineering Building, University of 
Pennsylvania. Director Arthur L. Day, presiding. 

Professor W. J. Humphreys, C.F., Ph.D., United States Weather Bureau, 
“The Way of the Wind.” 

William D. Coolidge, Ph.D., General Electric Company, “ Modern X-ray 
Tube Development.” 

Professor William Lawrence Bragg, M.A., F.R.S., Victoria University, 
“Inorganic Crystals.” 


SECTIONAL MEETINGS. 
THURSDAY, SEPTEMBER 18TH. 


10.00 A.M.—Harrison Chemical Laboratory, University of Pennsylvania. 
Doctor Willis R. Whitney, presiding. 

Professor F. Haber, Ph.D., Direktor, Institut fiir Physikalische Chemie 
und Elektrochemie, “ Technical Results of the Theoretical Development in 
Chemistry.” 

Irving Langmuir, Ph.D., D.Sc., LL.D., General Electric Company, “ Elec- 
tric Discharges in Gases at Low Pressures.” 

Professor Wilder D. Bancroft, Ph.D., Cornell University, “ The Develop- 
ment of Colloid Chemistry.” 

Director C. E. K. Mees, D.Sc., Eastman Kodak Company, “ Applied and 
Scientific Photography.” 

10.00 A.M.—Lecture Room No. 214, Engineering Building, University of 
Pennsylvania. General Guy E. Tripp, presiding. 

Professor P. W. Bridgman, Ph.D., Harvard University, “Some Aspects 
of High Pressure Research.” 

Professor Dayton C. Miller, Sc.D., Case School of Applied Science, 
“ The Phonodeik.” 

Professor Charles E. Mendenhall, Ph.D., The University of Wisconsin, 
“Electronic Phenomena at the Surface of Metals.” 

Professor Sir William Henry Bragg, K.B.E., M.A., D.Sc., F.R.S., Royal 
Institution, “ The Carbon Atom in Crystalline Structure.” 


Seinen anti t wiee ow! st og” in 


ae 


ee ent 


a pars 


410 CENTENARY PROGRAM, [j. F 


10.00 A.M.—Lecture Room No. 216, Engineering Building, University 
Pennsylvania. Professor Augustus Trowbridge, presiding. 

Director Arthur L. Day, Ph.D., Sc.D., Geophysical Laboratory, Carne; 
Institution, “ Some Causes of Volcanic Activity.” 

Professor Charles Fabry, University of Paris, “Spectroscopy in P 
and Present.” 

Professor Augustus Trowbridge, Ph.D., Princeton University, “ Inf: 
red Spectroscopy.” 

F. W. Peek, General Electric Company, “ Lightning.” 

Professor A. E. Kennelly, Sc.D., Harvard University and Massachuset' 
Institute of Technology, “ The Measurement of Acoustic Impedance by t 
Aid of the Telephone Receiver.” 

10.00 A.M.—University of Pennsylvania Museum. Dr. Samuel Insu 
presiding. 

E. W. Rice, Jr., Sce.D., D.Eng., Honorary Chairman, General Elect 
Company, “ The Field of Research in Industrial Institutions.” 

Ralph Modjeski, Dr.Engr., Consulting Engineer, “ Unusual Problen 
Encountered in the Design and Construction of Large Bridges.” 

Sir Charles Algernon Parsons, K.C.B., M.A., LL.D., D.Sc., F-.R 
Newcastle-on-Tyne, “ Steam Turbines on Land and Sea.” 

William LeRoy Emmet, Sc.D., General Electric Company, “ Mercu 
Boiler.” 

FRIDAY, SEPTEMBER 19TH. 


11.30 A.M.—Harrison Chemical Laboratory, University of Pennsylva: 
Professor Joseph S. Ames, presiding. 

Professor Pieter Zeeman, Ph.D., Sc.D., University of Amsterdam, “ Ra 
ating Atoms in Magnetic Fields.” 

Professor John Sealy Edward Townsend, F.R.S., University of Oxf 
“Motion of Electrons in Gases.” 

Professor W. F. G. Swann, D.Sc., University of Chicago, “ The Orig 
of the Earth’s Electric and Magnetic Phenomena.” 

J. Slepian, M.A., Ph.D., The Westinghouse Electric and Manufactu: 
Company, “ Electric Discharges Between High Resistance Electrodes.” 

11.30 A.M.—Lecture Room No. 216, Engineering Building, University 
Pennsylvania. Doctor Arthur D. Little, presiding. 

Director Charles L. Reese, Ph.D., Sc.D., E. I. du Pont de Nemours 
Company, “ Twenty-five Years’ Progress in Explosives.” 

Professor F. G. Donnan, C.B.E., M.A., Ph.D., D.Sc., F.LC., F.R.S, U: 
versity College, London, “ The Influence of J. Willard Gibbs on the Science 
Physical Chemistry.” 

Provost Emeritus Edgar F. Smith, Ph.D., LL.D., L.H.D., Chem.D., Litt.! 
M.D., University of Pennsylvania, “ Early Science in Philadelphia.” 

11.30 A.M.—Lecture Room No. 226, Engineering Building, University 
Pennsylvania. Professor A. E. Outerbridge, presiding. 

Professor C. H. Mathewson, Ph.D., Yale University, “The Trend 
Physical Metallurgy.” 

George L. Kelley, Ph.D., Philadelphia, “The Restraint of Exaggerat 
Grain Growth in Critically Strained Metals.” 
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Professor Bradley Stoughton, Lehigh University, “ Magnetic Analysis 


of Steel.” 


T. D. Yenson, E.E., The Westinghouse Electric and Manufacturing Com- 
pany, “ Magnetic Properties of Fifty Per Cent. Iron, Fifty Per Cent. Nickel 


Alloys.” 


11.30 A.M.—Lecture Room No. 314, Engineering Building, University of 
Pennsylvania. Major General George O. Squier, presiding. 


Dean Harold Pender, Ph.D., Moore School of Electrical Engineering, 
University of Pennsylvania, “ A New Type of Non-inductive High Resistance.” 
Professor A. A. Michelson, Ph.D., Sc.D., LL.D., The University of 


Chicago, “ Velocity of Light.” 


Major General C. C. Williams, United States War Department, “ Modern 


Ordnance.” 


THE REPRESENTATIVES FROM UNIVERSITIES AND COLLEGES IN THE 
ORDER OF ESTABLISHMENT. 


Université de Paris a la Sorbonne 
Professor Charles Fabry 
Professor Henri Abraham 
University of Oxford 
Professor John Sealy Edward 
Townsend, F.R.S. 
University of St. Andrews 
Principal and Vice-chancellor James 
Calquhoun Irvine, C.B.E., D.Sc., 
LL.D., F.R.S. 
William J. Matheson, LL.D. 
Université de Louvain 
Professor C. J. de la Vallee Poussin 
University of Glasgow 
Professor G. W. Howe, D.Sc. 
Albertus Universitat (Ko6nigsberg) 
Professor Albert Kraus, J. D. 
’rofessor Walter Benthin, M.D. 
University of Cambridge 
Sir Ernest Rutherford, Kt., D.Sc., 
LL.D., Ph.D., D.Phys., F.R.S. 
Trinity College (Dublin) 
Mr. Charles Frederick Draper, 
M.A., B.A.I., O.B.E. 
University of Amsterdam 
Professor Pieter Zeeman, Ph.D., 
Sc.D. 
Harvard University 
Professor Hector James Hughes 
College of William and Mary 
Robert S. Bright, Esq. 


Yale University 
James H. Penniman, Litt.D. 
Washington College 
President Paul E. Titsworth, Ph.D. 
University of Pennsylvania 
President and Provost Josiah 
Harmer Penniman, Ph.D., LL.D., 
L.H.D. 
Vice-provost James Hartley Mer- 
rick, Sc.D. 
Princeton University 
Dean Arthur M. Greene, Jr., M.E., 
D.Sc., D.Eng. 
Columbia University 
Professor George B. Pegram, D.Sc., 
Ph.D. 
Professor Michael I. Pupin, Ph.D., 
Seu, LL.D. 
Brown University 
Superintendent Edwin C. Broome, 
Ph.D. 
Rutgers College 
Professor George Winchester, Ph.D. 
College of Physicians of Philadelphia 
Thomas R. Neilson, M.D. 
University of New Zealand 
Professor Albert R. Acheson 
University of Vermont 
Captain Leonard S. Doten 
Williams College 
Mr. Quincy Bent 
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Washington and Jefferson College 
The Reverend E. E. Robb, D.D. 
University of Maryland 
Dean Arthur Newhall Johnson 
Hamilton College 
Professor Joshua E. Sweet, M.D., 
Sc.D. 
Colgate University 
Professor Harry T. Collings, Ph.D. 
Amherst College 
Professor Herman V. Ames, Ph.D. 
George Washington University 
President William Mather Lewis 
McGill University 
Professor A. S. Eve, C.B.E., D.Sc., 
F.R.S. 
Philadelphia College of Pharmacy 
Professor Charles LaWall, Phar.D., 
Sc.D. 
Trinity College (Hartford) 
Professor Henry Augustus Perkins, 
Sc.D. 
Rensselaer Polytechnic Institute 
Strickland L. Kneass, C.E. 
The Agnes Scott College 
Professor Emily E. Howson, M.A. 
University of Toronto 
Professor W. Lash Miller, Ph.D. 
Ohio Mechanics Institute 
President John T. Faig 
University of the State of New York 
Professor John M. Clarke, Ph.D., 
LL.D. Se.D. 
Technische Hochschule, Hanover 
Herr Rektor E. Vetterlein 
Lafayette College 
Colonel Horace C. Booz 
Georgia School of Technology 
President Marion L. Brittain, LL.D. 
Oberlin College 
Professor Leon Alonzo Ryan, Ph.D. 
University of Delaware 
President Walter Hullihen, Ph.D. 
Tulane University of Louisiana 
Mr. R. E. Brunswick Sharp 
Marietta College 
Professor Howard H. 
Ph.D. 


Mitchell, 
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Alfred University 
Doctor Walter G. Karr 
Mount Holyoke College 
Professor Emma P. Carr, Ph.D. 
University of Michigan 
Dean Mortimer E. Cooley, LL.D 
Eng.D., Sc.D. 
University of Missouri 
Mr. Earl B. Smith 
Fordham University 
Professor Carl P. 
Se... LL.D. 
University of Notre Dame 
Mr. John Henry Neeson 
University of Sydney 
Mr. V. J. F. Brain 
College of Technology 
Professor W. L. 
M.A., F.R.S. 
University of Manchester 
Professor W. L. 
M.A., F.R.S. 
University of Utah 
Leon L. Watters, Ph.D. 
Imperial College of Science and Te 


Sherwin, M.D 


Bragg, O.B.! 


Bragg, O.B.1 


nology 
Thomas Holl 


Professor Sir la 
me. Ll. 


Rca ECE. 
F.R.S. 
Tufts College 
Tabor Ashton, M.A. 
University of Melbourne 
Professor W. L. 
M.A., F.R.S. 
Elmira College 
President Frederick 
Ph.D., LL.D. 
Pennsylvania State College 
Dean R. L. Sacket, C.E. 
University of Calcutta 
Professor C. V. 
F.R.S. 
University of Madras 
The Reverend W. I. 
D.D., Ph.D. 
Wheaton College 
Mrs. Mercer Brown Tate 
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Massachusetts Institute of Technology 
Professor A. E. Kennelly, Sc.D. 
Northwestern University 
Professor Herbert W. Hess, Ph.D. 
University of Washington 
Professor Thomas Gordon Thomp- 
son, Ph.D. 
Vassar College 
Professor Edna Carter, Ph.D. 
Robert College 
Professor Lynn A. Scipio, M.E. 
Swarthmore College 
President Frank Aydelotte, LL.D. 
University of Denver 
Professor N. B. Heller, Ph.D. 
Cornell University 
Professor Wilder D. Bancroft, 
Ph.D., Sc.D. 
Dean Dexter S. Kimball, M.E. 
Worcester Polytechnic Institute 
President Ira N. Hollis, Sc.D., 
L.H.D. 
Lehigh University 
Professor Bradley Stoughton 
University of California 
Frederick Gardner Cottrell, Ph.D. 
Purdue University 
Julius William Sturmer, Phar.D. 
Ursinus College 
President George L. Omwake, LL.D. 
Professor Matthew  Boardwood, 
M.D., Sc.D. 
Clark University 
President Wallace W. Atwood, 
Ph.D. 
Syracuse University 
Mr. Everett S. Elwood 
University of Nebraska 
The Reverend David D. Forsyth, 
D.D. 
Smith College 
Professor Frank Allan Waterman, 
Ph.D. 
University of Adelaide 
Mr. R. C. Robin 
University of Nevada 
Honorable James Fred Abel, M.A. 
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The Johns Hopkins University 
Professor Joseph S. Ames, Ph.D., 
LL.D. 
University of Oregon 
Mr. F. T. Struck 
Bryn Mawr College 
President Marion Edwards Park, 
Ph.D. 
Professor James Barnes, Ph.D. 
College of Science for Ireland 
Mr. P. Cormack, F.C.Sc.I. 
Case School of Applied Science 
President Charles S. Howe, Ph.D., 
Se.D.,. L4.D. 
South Dakota State College 
Doctor Lindsay Whitehead 
University of Liverpool 
Professor E. C. C. Baly, C.B.E., 
F.R.S. 
University of the Panjab 
The Reverend Sir James Ewing, 
K.C.B., LL.D. D.Se.,  Litt.D., 
F.R.S. 
Temple University 
The Reverend Dean James H. 
Dunham, LL.D., Ph.D. 
Stanford University 
Professor David Locke Webster, 
Ph.D. 
Catholic University of America 
The Right Reverend Thomas J. 
Shahan, S.T.D., J.U.L. 
University of Allahabad 
Professor Winfield Dudgeon, Ph.D. 
Drexel Institute 
President Kenneth G. Matheson, 
LL.D., Sc.D. 
University of Chicago 
Professor Albert A. Michelson, 
Se.D,, LAD. 
Lewis Institute 
Dean John Derck Nies 
University of Montana 
Professor N. J. Lennes, Ph.D. 
Clarkson College of Technology 
Mr. Howard S. Phelps 


Haute Ecole technique de Bohéme 
Professor Doctor Vladimir Novak 
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Carnegie Institute of Technology 
President Thomas Stockham Baker, 
Ph.D. 
Rhodes University College 
Doctor G. S. Cogan 
University of Leeds 
H. D. Dakin, D.Sc., F.R.S. 
Universidad Nacional de la Plata _ 
The Honorable Doctor J. Pueyr- 
redon 
Ecole Superieure D’Aeronautique 
Professor A. E. Kennelly, D.Sc. 
University of Bristol 
Professor A. M. Tyndall, D.Sc. 
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Rice Institute 
President Edgar 
LL.D., Ph.D. 
Lucknow University 
Professor J. J. Cornelius, M.A 


Odell Lovett 


S.T.B. 
Leicester, Leicestershire and Rut! 

College 
Miss Ethel N. Miles Thomas, D 

F.L.S. 


Kungliga Tekniska Hogskolan 
Consul General Olaf Lamm 
Chulalonkarana University 
Mr. Chalerm Prommas 


THE REPRESENTATIVES OF LEARNED AND PROFESSIONAL SOCIETIES IN 
THE ORDER OF THEIR ESTABLISHMENT. 


The Royal Society 
Sir Thomas Holland, K.C.S.L, 
K.C.LE., D.Se., LL.D., F.RS. 
Professor Sir Ernest Rutherford, 
Kt., D.Sc., LL.D., Ph.D., D.Phys., 
F.R.S. 
Preussische 
schaften 
Professor F. Haber, Ph.D. 
American Philosophical Society 
Professor Arthur W. Goodspeed, 
Ph.D. 
Samuel M. Vauclain, D.Sc. 
Royal Society of Arts 
Sir Thomas Holland, K.C.S.L., 
KCIE., D:Se; Lid: RS. 
Académie Royale de Belgique 
Professor C. J. de la Vallee Poussin 
Société des Arts de Genéve 
Mr. Maurice Fattio 
Manchester Literary and Philosophi- 
cal Society 
Professor W. L. 
M.A., F.R.S. 
Royal Society of Edinburgh 
Professor Alan W. C. Menzies, 
Ph.D. 
General Society of 


Akademie der Wissen- 


Bragg, O.B.E., 


Mechanics and 


Tradesmen 
James Boyd, LL.D. 


Académie des Sciences, Institut 
France 
Professor Albert A. 
Ph.D., Sc.D., LL.D. 
Royal Institution cf Great Britai: 
Professor Joseph S. Ames, P! 
LL.D. 
Société D’Encouragement pour | 
dustrie Nationale 
Mr. Alfred Bernheim 


Geological Society of London 


Miche! 


John Smith Filett, O.B.E., F. 
D.Sc., F.R.S. 
Academy of Natural Science: 
Philadelphia 
Provost Emeritus Edgar |! 
om, FabdD. SeD. LI 


Litt.D., M.D., Chem.D. 
The New York Academy of Scie: 
President John Tatlock 
Institution of Civil Engineers 
Sir Charles Langbridge Mor; 
Kt., C.B.E. 
Historical Society of Pennsylvani: 
Mr. John Gribbel 
Société Industrielle de Mulhous: 
Mr. Henry Schaeffer 
Verein Deutscher Ingenieure 
The Rector Professor A. N 
Ph.D. 
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British Association for the Advance- 
ment of Science 
Professor Sir Ernest Rutherford, 
Kt., D.Sc., LL.D., Ph.D., D.Phys., 
F.R.S. 
Chemical Society 
Professor F. G. Donnan, C.B.E., 
Ph.D., D.Sc., F.R.S. 
Smithsonian Institution 
Charles D. Walcott, Sc.D., Ph.D., 
LL.D. 
Pontificia dei Nuovi Lincei Acca- 
demia 
The Reverend Father Joseph Gian- 
franceschi 
Institution of Mechanical Engineers 
Mr. William Henry Patchell 
American Association for the Ad- 
vancement of Science 
Professor J. McKeen Cattell, Ph.D., 
LL.D. 
Koninklijke Akademie van Weten- 
schappen te Amsterdam 
Professor Pieter Zeeman, Ph.D., 
Sc.D. 
American Society of Civil Engineers 
George S. Webster, D.Sc. 
California Academy of Sciences 
Director Arthur L. Day, Ph.D., 
Se.D. 
Royal Photographic Society of Great 
Britain 
Director C. E. K. Mees, D.Sc. 
Institution of Engineers and Ship- 
builders in Scotland 
Mr. J. H. Macalpine 
The American Institute of Architects 
President Charles Zeller Klauder, 
M.F.A. 
Institution of Naval Architects 
The Honorable Sir Charles A. 
Parsons, K.C.B., LL.D., ScD., 
F.R.S. 
National Association of Wool Manu- 
facturers 
Vice-president Franklin W. Hobbs 
Royal Aeronautical Society of Great 
Britain 
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Mr. F. J. Selby, C.B.E., A.F.R., 
Ae.S. 
Deutsche Chemische Gesellschaft 
Professor F. Haber, Ph.D. 
Iron and Steel Institute 
President Sir William Ellis, G.B.E., 
D.Eng. 
Western Society of Engineers 
Ralph Modjeski, D.Engr. 
Institution of Electrical Engineers 
Colonel Frank Baldwin Jewett, 
Ph.D. 
American Institute of Mining and 
Metallurgical Engineers 
Henry S. Drinker, LL.D. 
Société Francaise de Physique 
Professor Charles Fabry 
Société Francaise de Photographie 
Director C. E. Kenneth Mees, D.Sc. 
Academia Nacional de Sciencias 
Professor William P. Wilson, Dr.- 
Nat.Sci. 
The Physical Society of London 
Sir William H. Bragg, K.B.E., 
C.B.E., D.Sc., F.R.S. 
South Wales Institute of Engineers 
Professor A. Hubert Cox, D.Sc. 
American Chemical Society 
Provost Emeritus Edgar Fahs 
Smith, Ph.D. Sc.D. LL.D., 
Chem.D., Litt.D., M.D. 
Indian Association for the Cultivation 
of Science 
Professor C. V. Raman, D.Sc., 
F.R.S. 
The Institute of Jamaica 
Mrs. G. V. Lockett 
Ophthalmological Society of the 
United Kingdom 
G. E. de Schweinitz, M.D., LL.D., 
Sc.D. 
American Society of Mechanical 
Engineers 
President F. R. Low 
Major Fred J. Miller 
Society of Chemical Industry 
President E. F. Armstrong, Ph.D., 
LL.D., D.Se., F.R.S. 
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Professor Ralph H. McKee, Ph.D. 
(American Section) 
University Club, Philadelphia 
Mr. Edgar C. Felton 
American Electric Railway Associa- 
tion 
Mr. P. H. Gadsden 
New England Water Works Associa- 
tion 
Mr. William B. McCaleb 
The Society of Dyers and Colourists 
Mr. A. E. Sunderland 
American Institute of 
Engineers 
General John J. Carty, D.Sc., LL.D. 
Sociedad Cientifica “ Antonio Alzate ” 
Mr. Edwin S. Balch 
Société Francaise des Electriciens 
Professor Henri Abraham 
Professor Charles Fabry 
Mr. A. LeBlanc 
New York Mineralogical Club 
President George F. Kunz, Ph.D., 
Sc.D. 
Engineering Institute of Canada 
Mr. Arthur Surveyer 
Geological Society of America 
Professor R. A. F. Penrose, Jr., 
Ph.D. 
Society of Naval 
Marine Engineers 
Captain Joseph H. Linnard, U.S.N. 
Chemical, Metallurgical and Mining 
Society of South Africa 
Mr. Sidney J. Jennings 
American Society for Testing Mate- 
rials 
Mr. G. H. Clamer 
Canadian Institute of 
Metallurgy 
Mr. F. Lynwood Garrison 
Washington Academy of Sciences 
Director Arthur L. Day, Sc.D., 
LL.D. 
American Ceramic Society 
Mr. Karl Langenbeck 


Electrical 
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The Optical Society 
Professor Emeritus Archibald Bar: 
D.Sc., LL.D., F.R.S. 


National Physical Laboratory 
England 
Mr. F. J. Selby, C.B.E., A.F.R 


Ae.S. 
American Electrochemical Society 
Carl Hering, D.Sc. 
Carnegie Institution of Washington 
Director Arthur L. Day, Ph.D 
Sc.D. 
The Faraday Society 
Sir Robert Robertson, 
F.R.S. 
Observatorio del Ebro 
The Reverend’ Father 
Didusch 
Illuminating Engineering Society 
Professor George A. Hoadley, C.! 
Sc.D. 
The Institute of Metals 
Mr. William H. Bassett 
Kaiser-Wilhelm Gesellschaft zur F6: 
derung der Wissenschaften 
Professor F. Haber, Ph.D. 
The Institute of Radio Engineers 
Major General George O. Squik 
Ph.D. 
The Engineering Foundation 
Director Alfred C. Flinn 
American Gas Association 
Mr. J. B. Klumpp 
American Association of 
Geologists 
Doctor Arthur Knapp 
American Engineering Council 
Dean Mortimer E. Cooley, M.! 
LL.D., D.Eng. 
American Society for Steel Treati: 
President George K. Burgess, D.S 
Army and Navy Air Service Associa 
tion 
Major General Mason M. Patrick 
Association of Chinese and America: 
Engineers 
Professor Joseph H. 
Mc.E., M.S. 
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Petroleur 


Ehlers, C.! 


Sept., 1924.] 


Boston Society of Civil Engineers 
Mr. Laurence B. Manley 
Dansk Ingeni¢rforening 
Mr. L. S. Johannesson 
The Free Library of Philadelphia 
Dean William Pepper, M.D. 
Mining and Metallurgical Society of 
America 
Henry Martyn Chance, M.D., C.E. 
Den Norske Ingeni¢rforening 
Mr. Cappelen Smith 
South African Association 
Advancement of Science 
Professor J. W. Bews, M.A., D.Sc. 


for the 
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Svenska Bergshandteringen 
Mr. Axel Fornander 
Svenska Teknologforeningen 
Mr. Ernst F. W. Alexandersson 
Sachsische Technische Hochschule 
The Rector, Professor A. Nagel, 
Ph.D. 
Verein Deutscher Eisenhtittenleute 
Mr. Walter Wood 
Virginia Mechanics Institute 
Mr. Frank W. Duke 
Réntgen Society 
Sir William H. Bragg 
The Engineers’ Club of Philadelphia 
President Conrad N. Lauer 


THE REPRESENTATIVES OF INDUSTRIAL ORGANIZATIONS. 


J. E. Rhoads and Sons 
Professor Robert R. Tatnall, Ph.D. 
E. I. Du Pont de Nemours and Com- 
pany, Incorporated 
Vice-president Colonel W. C. 
Spruance 
Scovill Manufacturing Company 
President E. O. Goss 
First National State Bank of Camden 
Vice-president Albert D. Ambruster 
National Bank of Germantown 
President Walter Williams 
Douredoure Brothers 
Mr. Bernard Douredoure 
The Penn National Bank 
President M. G. Baker 
Baldwin Locomotive Works 
Samuel M. Vauclain, LL.D. 
American Optical Company 
Mr. Charles H. Kerr 
Brown and Sharpe Manufacturing 
Company 
Mr. William A. Viall 
Seaboard Air Line Railway Company 
Vice-president W. L. Stanley 
Girard Trust Company 
President Effingham B. Morris 
Vice-president A. A. Jackson 
Supplee-Biddle Hardware Company 
President William B. Munroe 
Vow. 198, No. 1185—30 


Christopher Sower Company 
Mr. James Lane Pennypacker 
Worthington Pump and Machinery 
Corporation 
Chief Engineer William 
hausser 
The S. S. White Dental Manufactur- 
ing Company 
Mr. W. S. Crowell 
Pennsylvania Railroad System 
Chief of Motive Power James T. 
Wallis 
Tinius Olsen Testing Machine Com- 
pany 
President Tinius Olsen 
Vice-president Thorsten Y. Olsen 
The Pusey and Jones Company 
Mr. George L. Coppage 
Goulds Manufacturing Company 
Mr. H. E. Alcott 
Central Iron and Steel Company 
President Robert Hadfield Irons 
Westmoreland Coal Company 
Mr. S. Pemberton Hutchinson 
Bethlehem Steel Company 
Mr. Guilliaem Aertsen 
Zinsser and Company 
Frederick George Zinsser, Ph.D. 
Henry Bower Chemical Manufactur- 
ing Company 


Schwan- 
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Mr. William H. Bower 
Corn Exchange National Bank 
President Charles S. Calwell 
Atchison, Topeka and Santa Fe Rail- 
way System 


District Passenger Agent G. C. 
Dillard 
William Wharton, Jr., and Company, 
Incorporated 


Vice-president V. Angerer 
The Consolidated Coal Company, In- 
corporated 
Mr. G. G. Smith 
Chicago and Alton Railroad Company 
Mr. Frank Bowman 
The J. G. Brill Company 
President Samuel M. Curwen 
Western Electric Company 
Vice-president Colonel Frank P. 
Jewett 
The Atlantic Refining Company 
Mr. Irvin K. 
Belmont Iron Works 
Chief Engineer Joseph G. Shryock 
David Lupton’s Sons Company 
Vice-president Clarke P. Pond 
The Winchester-Simmons Company 
President H. G. Knox 


Giles 


American Telephone and Telegraph 
Company 
Vice-president General John  f. 


Carty, D.Sc., LL.D. 
Baker and Company, Incorporated 
Secretary Edward A. Colby 
The White Motor Company 


Mr. A. J. Scaife 
F. W. Tunnell and Company, Incor- 
porated 


Mr. George M. Shisler 
Ajax Metal Company 

Vice-president G. H. Clamer 
Edison Lamp Works 

Mr. John W. Howell 
Link-Belt Company 

Vice-president Staunton B. Peck 
The Edison Electric Illuminating 

Company 
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President C. L. Edgar 
Florida East Coast Railway Compa: 
General Manager H. N. Rodenbaus 
The United Gas Improvement Cor 
pany 
Walton Clark, M.E., Sc.D. 
Standard Underground Cable Con 
pany 
Director Henry W. Fisher 
Pierce-Arrow Motor Car Company 
Consulting Engineer Otto M. Bur 
hardt 
Sprague Safety Control and 
Corporation 
President Frank J. Sprague, D.E: 
D.Se., LL.D. 
Sun Oil Company 
Mr. Samuel B. Eckert 
Westinghouse Electric and Manui 
turing Company 
Director C. E. Skinner 
General G. E. Tripp, Chairman 
Buffalo, Rochester and  Pittsburs 
Railway Company 
Mr. W. F. Pond 
Gisholt Machine Company 
Mr. L. H. Swind 
The Carpenter Steel Company 
Mr. Joseph S. Pendleton 
Great Northern Railway Compan) 
President Ralph Budd 
Stone and Webster 
Mr. C. W. Kellogg 
The J. G. White 
poration 
Vice-president Henry A. Lardner 
H. K. Mulford Company 
Director F. E. Stewart 
Mr. H. R. Hutchison 
Victor Talking Machine Company 
Mr. S. T. Williams 
General Optical Company 
Mr. Charles R. Johnson 
General Electric Company 
Honorary Chairman E. W. Ri 
Jr., Se.D., E.Eng. 
The Trenton Potteries Company 
Mr. M. White Lansing 
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American Blower Company 
Mr. Benjamin Adams 
Ruud Manufacturing Company 
President Edwin Ruud 
Secretary A. P. Brill 
Sangamo Electric Company 
Mr. R. C. Lanphier 
National Tube Company 
Vice-president Taylor Allderdice 
American Car and Foundry Company 
Vice-president Wm. C. Dickerman 
American Republics Corporation 
Secretary H. C. McCarty 
Franklin National Bank 
Vice-president J. A. Harris, Jr. 
Allis-Chalmers Manufacturing Com- 
pany 
Mr. D. H. Kelly 
Chicago Pneumatic Tool Company 
District Manager A. M. Brown 
The Owens Bottle Company 
Mr. S. S. Cline 
Burke Electric Company 
President James Burke 
Commercial Truck Company 
Mr. Edward L. Clark 
U. S. Light and Heat Corporation 
Mr. W. W. Halsey 
Willys-Overland Company 
Mr. George D. McCutcheon 
Federal Reserve Bank of Philadelphia 
Mr. Richard L. Austin 
Hooven Automatic Typewriter Cor- 
poration 
President C. E. Hooven 
Allied Chemical and Dye Corporation 
Wm. H. Nichols, LL.D., Sc.D. 


International Combustion Engineering 
Corporation 
Mr. James Cleary 
Brown Brothers and Company 
Mr. James Crosby Brown 
The Detroit Edison Company 
President Alexander Dow 
Deutsche Maschinenfabrik 
Mr. H. Reuter 
Eastman Kodak Company 
Director C. E. K. Mees, Sc.D. 
International Harvester Company of 
America 
Doctor Edward Schmidt 
Merck and Company 
Mr. B. L. Murray 
Norton Company 
Mr. Lewis E. Saunders 
Parke, Davis and Company 
Mr. A. J. Staudt 
Remington Noiseless Typewriter Cor- 
poration 
Chairman Charles W. Colby 
N. and G. Taylor Company, Incor- 
porated 
President Hollinshead N. Taylor 
Union Carbide and Carbon Corpora- 
tion 
Mr. A. C. Morrison 
Victor X-ray Corporation 
Mr. J. H. Clough 
Wabash Railway Company 
Mr. R. A. Walton 
Wagner Electric Corporation 
President W. A. Layman 
William Whitaker and Sons 
Mr. James L. Whitaker 


Separation of Molybdenum from Tungsten.—OrtTo Fotin and 


Harry Trimsve, of Harvard University (Jour. Biol. Chem., 1924, 
60, 473-479), find that molybdenum can be practically completely 
separated from tungsten by percipitation of the molybdenum as its 
sulphide by the action of hydrogen sulphide in the presence of 
approximately 27 per cent. of orthophosphoric acid. This separation 
is of great service in the preparation of phosphotungstic acid free 
from phosphomolybdic acid. }. SS ii. 
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MEMBERSHIP NOTES. 
CHANGES OF ADDRESS. 


Mr. A. W. Berresrorp, care of Mr. Frank S. Low, 5110 Buffalo Aven 
Niagara Falls, New York. 

Dr. Epwin M. Cuance, care of Day and Zimmermann, 1600 Walnut Street 
Philadelphia, Pennsylvania. 

Mr. Gustav Eciorr, The Universal Oil Products Company, Strauss Build 
ing, Chicago, Illinois. 

Mr. Bruce Forp, care of Electric Storage Battery Company, Nineteenth Street 
and Allegheny Avenue, Philadelphia, Pennsylvania. 

Mr. Epwarp HEITMAN, 156 Market Street, Newark, New Jersey. 

Mr. Cuas. W. G. Kinc, 6201 Park Boulevard, Wildwood Crest, New Jerse) 

Mr. JosePpH Koun, 5416 Woodcrest Avenue, Philadelphia, Pennsylvania. 

Mr. Cartes LonGstretH, 611 A Avenue, Coronado, California. 

Mr. E. A. Mutter, The King Machine Tool Company, Winton Place, Cincinnat 
Ohio. 

Mr. H. H. Quimsy, 4951 Pine Street, Philadelphia, Pennsylvania. 

Mr. Cuarves E. RicuHarpson, care of The Yale Club, Forty-fourth Street a: 
Vanderbilt Avenue, New York City, New York. 

Mr. Rosert Rincway, Chief Engineer, Board of Transportation, 49 Lafayett 
Street, New York City, New York. 

Mr. Frank W. Sutton, 511 Hollingsworth Building, Los Angeles, Califor 

Mr. R. Joun Titzet, 6 Radnor Road, Radnor, Pennsylvania. 

Mr. Jonn C. TRAUTWINE, 3RD, 331 West Front Street, Media, Pennsylvania 

Mr. C. H. Umsteap, 331 C Street N. W., Washington, District of Columbia 

Cot. Josern J. Vocpes, Union League, Broad and Sansom Streets, Philadelph 
Pennsylvania. 

Mr. Victor W. ZiLen, 318 Auburn Avenue, Buffalo, New York. 


NECROLOGY. 
Mr. Edward L. Coster, Katonah, New York. 


LIBRARY NOTES. 


PURCHASES. 

Boyd’s Philadelphia Directory, 1924. 1924. 

Faraday Society.—Alloys Resistant to Corrosion: A General Discussion H: 
Jointly with the Sheffield Section of the Institute of Metals, April, 1022 

Faraday Society—The Physical Chemistry of the Photographic Process: A 
General Discussion, May, 1923. 

Harper, J. R.—A Survey of Opportunities for Vocational Education in a 
near Philadelphia. 1921. 

Koser, G. M., and Haynurst, E. R.—Industrial Health. 1924. 

Martin, G.—The Modern Soap and Detergent Industry, Vol. I. 10924 

Vina, G. W.—Storage Batteries. 1924. 

Who's Who in America, 1924-1925. 1924. 
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GIFTS. 


Ames, B. C., Company, Micrometer Dial Gauges. Waltham, Massachusetts, 
no date. (From the Company.) 

Anderson, Albert and J. M., Manufacturing Company, Bulletin No. 37, Auto- 
matic Time Switches. Boston, Massachusetts, no date. (From the 
Company.) 

Augsburg Seminary, Catalogue, 1923-1924. Minneapolis, Minnesota, no date. 
(From the Seminary.) 

Bacharach Industrial Instrument Company, Bulletins 250 and 251, Electric 
Meters. Pittsburgh, Pennsylvania, no date. (From the Company.) 

Baltimore and Ohio Railroad Company, Annual Report of the President and 
Directors to the Stockholders, 1923. Baltimore, Maryland, 1924. (From 
the Company.) 

Barrett Company, The Production of Sulphate of Ammonia for 1923. New 
York City, New York, no date. (From the Company.) 

British Portland Cement Research Association, Pamphlet No. 4, Researches on 
the Theory of Fine Grinding, Part I. London, England, 1924. (From 
the Association. ) 

Bryn Mawr College, Monographs, Reprint Series, Vol. 12, Contributions from 
the Psychological Laboratory. Bryn Mawr, Pennsylvania, 1922. (From 
the College.) 

Bundy Steam Trap Company, Catalogue. Nashua, New Hampshire, 1922. 
(From the Company. ) 

Canada Geological Survey, Bulletin No. 38; Geological Series, No. 43; Memoirs 
136 and 137; Geological Series, Nos. 117 and 118. Ottawa, Canada, 1924. 
(From the Survey.) 

Celite Products Company, Bulletin B-3, Sil-O-Cel Insulating Brick. New York 
City, New York, 1924. (From the Company.) 

Champion Electric Company, Bulletin, Endurance Motors. St. Louis, Missouri, 
no date. (From the Company.) 

Chase Metal Works, How to Order Brass. Waterbury, Connecticut, no date. 
(From the Works.) 

Christie, W., and Grey, Limited, Vibration and Noise Eliminated; A Few Points 
of Interest Regarding the “ Typhoon” Agitator. London, England, no 
date. (From the Company.) 

Clark Brothers Company, Catalogue, Saw Mill Machinery; Bulletins Nos. 4, 
5-A, 6-A, 9, 10, 11, and 12, Olean, New York, no date. (From the 
Company.) 

Cleveland Automatic Machine Company, Production Bulletin—Treatise No. 5. 
Cleveland, Ohio, no date. (From the Company.) 

Cleveland, Cincinnati, Chicago and St. Louis Railway Company, Thirty-fifth 
Annual Report of the Board of Directors, 1923. Cincinnati, Ohio, no date. 
(From the Company.) 

Cleveland Punch and Shear Works Company, Catalogue No. 7, Cleveland Metal 
Working Tools. Cleveland, Ohio, no date. (From the Company.) 

Columbia University, Announcement, 1924-1925, Secretarial Studies. New 
York City, New York, 1924. (From the University.) 
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Dow Chemical Company, How to Maintain Roads; How to Cure Concret 
Midland, Michigan, 1924. (From the Company.) 

Drexel Institute, Catalogue, 1924-1925. Philadelphia, Pennsylvania, 1924 
(From the Institute.) 

Edward Valve and Manufacturing Company, Catalogue No. 8. East Chicag 
Indiana, no date. (From the Company.) 

Electric Control, Limited, Leaflet P. L. I., Automatic Pump Control for Do 
Railway and Public Authorities. Glasgow, Scotland, no date. (Fro: 
the Company.) 

Evansville College, Catalogue, 1923-1924. Evansville, Indiana, 1924. (Fron 
the College.) 

Findlay College, Catalogue, 1924-1925. Findlay, Ohio, 1924. (From tl 
College.) 

Florida State College for Women, Catalogue, 1923-1924. Tallahassee, Florida, 
1924. (From the College.) 

Foote Brothers Gear and Machine Company, General Catalogue No. 12, [XI 
Productions; Catalogue No. 24, IXL Speed Reducers. Chicago, Illinois 
no date. (From the Company.) 

Fort Pitt Spring and Manufacturing Company, Catalogue No. 3, Springs fo: 
Steam and Electric Railway Service. Pittsburgh, Pennsylvania, no dat« 
(From the Company.) 

Franklin Railway Supply Company, Incorporated, Set of Bulletins on Products 
New York City, New York, no date. (From the Company.) 

Friends University, Catalogue, 1923-1924. Wichita, Kansas, 1924. (Fron 
the University.) 

Ganschow, William, Company, Catalogue No. 100, Gears and Speed Tran 
formers. Chicago, Illinois, 1924. (From the Company.) 

General Electric Company, Limited, Catalogue, Pirelli-General Wires and 
Cables. London, England, 1924. (From the Company.) 

Gifford-Wood Company, Bulletin No. 98, Material Handling Equipment. Hud 
son, New York, no date. (From the Company.) 

Goulds Manufacturing Company, Catalogue 12; Supplement to Catalogue K 
Bulletins 100, 101, 103-113, 115, 116, I19, 120, 122-125, Pumps. Senec 
Falls, New York, 1921-1924. (From the Company.) 

Great Northern Railway Company, Thirty-fifth Report, 1923. New York Cit 
New York, 1924. (From the Company.) 

Griscom-Russell Company, Bulletin No. 615, Multiscreen Filter. New Yor 
City, New York, no date. (From the Company.) 

Haiss, George, Manufacturing Company, Incorporated, Bulletin No. 424. New 
York City, New York, no date. (From the Company.) 

Harper, John, and Company, Limited, Bulletin on Castings. Willenhall, Eng 
land, 1924. (From the Company.) 

Hart Manufacturing Company, A Manual of Remote Control Equipment 
Hartford, Connecticut, no date. (From the Company.) 

Hinde and Dauch Paper Company, Corrugated Boxes and How to Use Them 
Sandusky, Ohio, no date. (From the Company.) 

Hisey-Wolf Machine Company, Set of Bulletins, Portable Electric Machi 
Tools. Cincinnati, Ohio, no date. (From the Company.) 
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Hunter College of the City of New York, Catalogue, 1924-1925. New York 
City, New York, no date. (From the College.) 

Huron College, Catalogue, June, 1924. Huron, South Dakota, 1924. (From 
the College.) 

l'Institut de Physique du Globe de l'Université de Paris, Annales, Tome II. 
Paris, France, 1924. (From the Institute.) 

Institute of Metals, Journal, Vol. 31, No. 1, 1924. London, England, 1924. 
(From the Institute.) 

Iowa Board of Railroad Commissioners, Forty-sixth Annual Report for the 
Year Ending December 1, 1923. Des Moines, Iowa, no date. (From 
the Board.) 

Jeffrey Manufacturing Company, Catalogue No. 385, Coal and Ashes Handling 
Machinery. Columbus, Ohio, 1924. (From the Company.) 

Juniata College, Catalogue, 1923-1924. Huntingdon, Pennsylvania, 1924. (From 
the College.) 

Kanehira, Ryozo, Identification of Philippine Woods by Anatomical Charac- 
ters; Anatomical Notes on Indian Woods. Taihoku, Japan, 1924. (From 
the Department of Forestry, Government Research Institute.) 

Lewis Institute, Structural Materials Research Laboratory, Bulletin 6, Effect 
of Storage on Cement, by Duff A. Abrams. Chicago, Illinois, 1924. (From 
the Institute.) 

Lewis, John Frederick, The Redemption of the Lower Schuylkill. Philadelphia, 
Pennsylvania, 1924. (From the Author.) 

Marion Machine Foundry and Supply Company, Catalogue No. 130, Oil Burn- 
ing Furnace and Air Indicator. Marion, Indiana, 1923. (From the 
Company.) 

Massachusetts Institute of Technology, The Aldred Lectures, 1923-1924. Cam- 
bridge, Massachusetts, no date. (From Dr. Ralph Modjeski.) 

McCord Radiator and Manufacturing Company, The Dependable Operation of 
Steam Shovels, Cranes and Dredges; The Economy of Better Lubrication. 
Detroit, Michigan, no date. (From the Company.) 

McGill University, Annual Report of the Governors, Principal and Fellows, 
1922-1923. Montreal, Canada, 1924. (From the University.) 

Michigan Department of Conservation, Geological Survey Division, Publica- 
tion 34; Geological Series 28, Mineral Resources for 1922 and Prior Years. 
Lansing, Michigan, 1924. (From the Department.) 

Midwest Air Filters, Incorporated, Air Filters for Compressors and Internal 
Combustion Engines. New York City, New York, 1924. (From the 
Company. ) 

Mine and Smelter Supply Company, Bulletin No. 68, Milling with Marcys. New 
York City, New York, 1923. (From the Company.) 

Morey and Company, Incorporated, Catalogue M+424. New York City, New 
York, 1924. (From the Company.) 

National Canners Association, Heat Resistance Studies, I, A New Method 
for the Determination of Heat Resistance of Bacterial Spores, by J. R. 
Esty and C. C. Williams. Washington, District of Columbia, 1924. (From 
the Association. ) 
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National Fire Protection Association, Proceedings of Twenty-eighth Annu 
Meeting, May 13, 14 and 15, 1924. Boston, Massachusetts, no date. (Fro: 
the Association. ) 

National Physical Laboratory, Collected Researches, Vol. 17, Papers 1 
London, England, 1923. (From the Laboratory.) 

Neptune Meter Company, Catalogue, Trident Water Meters. New York Cit 
New York, no date. (From the Philadelphia Meter Company.) 

New Bedford, Board of Health, Annual Report, 1923. New Bedford, Mass 
chusetts, 1924. (From the Board.) 

New Orleans Board of Health, Annual Report, 1923. New Orleans, Louisiai 
no date. (From the Board.) 

New Zealand Census and Statistics Office, Statistical Report on Local Gover 
ment in the Dominion of New Zealand, 1922-1923; Municipal Handboo! 
of New Zealand, 1924. Wellington, New Zealand, 1924. (From the Office 

Nicholson, W. H., and Company, Bulletin No. 424, Machine Shop To 
Wilkes-Barre, Pennsylvania, no date. (From the Company.) 

Northern Blower Company, Bulletins F 1102, No. 2. Cleveland, Ohio, 1920 
(From the Company.) 

Philadelphia Maritime Exchange, Forty-ninth Annual Report of the Board 
Directors, 1924. Philadelphia, Pennsylvania, 1924. (From the Exchange: 

Polytechnic Institute of Brooklyn, Catalogue, College of Engineering, 1924 
1925; Evening Technical Courses, 1924-1925. Brooklyn, New York, : 
date. (From the Institute.) 

Portland Commission of Public Docks, The Port of Portland. Portland, O: 
gon, 1924. (From the Commission.) 

Reed-Prentice Company, Surplus Modern Machine Tool Equipment. Worc: 
ter, Massachusetts, no date. (From the Company.) 

Rose Polytechnic Institute, Catalogue, 1923-1924. Terre Haute, Indiana, : 
date. (From the Institute.) 

Royal Society of New South Wales, Journal and Proceedings for 1922, \ 
Ivi. Sydney, New South Wales, 1923. (From the Society.) 

Royal Society of South Australia, Transactions and Proceedings, Vol. x!) 
Adelaide, South Australia, 1923. (From the Society.) 

S K F Industries, Incorporated, Engineering and Design. New York Cit 
New York, 1924. (From the Company.) 

St. John’s College, College and High School Catalogues, 1924-1925. Brookly: 
New York, no date. (From the College.) 

Simmons College, Catalogue, 1923-1924. Boston, Massachusetts, 1923. (Fro: 
the College.) 

Société géologique de Belgique, Publications Relatives au Congo Belge et au» 
Régions Voisines, Année 1922-1923. Liége, Belgium, 1024. (Fro! 
the Society.) 

Somerville, Annual Report of the Street Commissioner, 1923. Somervil!: 
Massachusetts, 1924. (From the Commissioner.) 

South Dakota State College of Agriculture and Mechanic Arts, Catalogue 1923 
1924. Brookings, South Dakota, 1924. (From the College.) 

South Dakota State Mine Inspector, Thirty-third Report, Eighteen Mont 
Period Ended December 31, 1923. Lead, South Dakota, 1924. (Fro: 
the Inspector.) 


Sept., 1924. ] Lrprary NOTEs. 425 


Southern Railway Company, Thirtieth Annual Report,. 1923. No place, no date. 
(From the Company.) 

Southwestern University, Register, 1923-1924. Georgetown, Texas, 1924. 
(From the University.) 

Spokane College, Catalogue, 1923-1924. Spokane, Washington, 1924. (From 
the College.) 

Stanley Rule and Level Plant, Catalogue No. 34, and Miscellaneous Literature. 
New Britain, Connecticut, no date. (From the Plant.) 

Stroh Steel-hardening Process Company, Bulletin on the Stroh Process. Pitts- 
burgh, Pennsylvania, no date. (From the Company.) 

Syracuse Bureau of Water, Report for the Years 1922-1923. Syracuse, New 
York, no date. (From the Bureau.) 

Taylor-Wharton Iron and Steel Company, Putting the Right Steel on the Job. 
High Bridge, New Jersey, no date. (From the Company.) " 
Temple University, Catalogue, 1924-1925. Philadelphia, Pennsylvania, 1924. 

(From the University.) 

Texas Christian University, Catalogue, 1923-1924. Fort Worth, Texas, 1924. 
(From the University.) 

Truscon Steel Company, Truscon Metal Lath Data Book, 1923. Youngstown, 
Ohio, 1923. (From the Company.) 

U. G. I. Contracting Company, Barbadoes Island Plant, Devon Power Plant 
of the Connecticut Light and Power Company. Philadelphia, Pennsylvania, 
no date. (From the Company.) 

U. S. Bureau of the Census, Census Monographs III, The Integration of 
Industrial Operation, by Willard L. Thorp. Washington, District of 
Columbia, 1924. (From the Bureau.) 

United States Graphite Company, Catalogue B-3, Motor and Generator Brushes. 
Saginaw, Michigan, no date. (From the Company.) 

U. S. Industrial Alcohol Company, Alcohol for Industrial Purposes. New 
York City, New York, 1923. (From the Company.) 

U. S. War Department, The Medical Department of the United States Army 
in the World War, Vol. xi, Surgery. Washington, District of Columbia, 
1924. (From the Department.) 

University of Colorado, Catalogue, 1923-1924. Boulder, Colorado, 1924. (From 
the University. ) 

University of Denver, Year Book, 1924. Denver, Colorado, 1924. (From 
the University.) 

University of Louisville, Catalogue, May, 1924. Louisville, Kentucky, 1924. 
(From the University.) 

University of Notre Dame, General Catalogue, 1923-1924. Notre Dame, 
Indiana, 1924. (From the University.) 

University of Texas, Catalogue, 1923-1924. Austin, Texas, 1924. (From 
the University.) 

Vacuum Oil Company, Refrigerating Plant Lubrication. New York City, New 
York, 1924. (From the Company.) 

Vanadium Corporation of America, Vanadium Steel in New Locomotives. 
New York City, New York, no date. (From the Corporation.) 

Wailes Dove-Hermiston Corporation, Bulletin No. 162, Combating Corrosion. 
New York City, New York, no date. (From the Corporation.) 
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Walla Walla College, Calendar, 1924-1925. College Place, Washington, no dat 
(From the College.) 

Washington Missionary College, Calendar, 1924-1925. Washington, District 0: 
Columbia, no date. (From the College.) 

Whittier College, Catalogue, May, 1924. Whittier, California, 1924. (Fro 
the College.) 

Wood, R. D., and Company, Catalogue, Hydraulic Machinery. Philadelphia 
Pennsylvania, 1924. (From the Company.) 


BOOK REVIEWS. 


Tue Structure or Crystars. By Ralph W. G. Wyckoff. 462 pages, 213 
illustrations, 8vo. The Chemical Catalog Company, Inc., New York, 1924 
Price, $6. 

This is one of the series of monographs issued under the auspices of the 
American Chemical Society, a series that has now reached an imposing list of 
works on many departments of chemistry, pure and applied. While, as might 
be expected, the applied fields, especially in the greater industries, have received 
principal attention, theoretical questions have been given a large share. 

The present book relates to one of the most recent and most abstrus 
departments of physical chemistry. As the author remarks in the prefac: 
the field to which the book is devoted is avoided by many chemists and physicists 
each regarding the subject as rather belonging to the province oi the othe: 
The methods of investigation are so definitely physical, that the chemist turns 
away from them. Many physicists are not inclined to regard physical processes 
alone as insufficient, and it must be admitted that so far as this country 
concerned, crystallography has not been extensively cultivated, except 
mineralogists. Mineralogists, of course, have for many years laid great stress 
on crystal forms and have developed to a high degree the mathematical! prin 
ciples concerning such forms. Yet it is not likely that many of them would 
care to pursue deeply the line of exposition presented by this book, and we may 
agree with the author that among the older sciences, the new science of crysta 
structure is largely ignored. 

Research, ingenious and patient, has developed an immense amount of 
important and novel data, which are collected in this volume and set forth wit! 
an abundance of explanation and illustration. Wyckoff finds that the greatest 
difficulty in crystal analysis is to think in three dimensions. To aid in such 
conception, and to keep the book within the compass of the chemical aspect, th 
text has been replaced by abundant diagrams. To provide for the somewhat 
variable training of those who will use the book, considerable information 
given concerning the physical properties of X-rays, and the symmetry properties 
of crystals. The information gained from the studies of crystal structure ha 
already given practical as well as theoretical results of value, but this is to b 
expected from any properly conducted scientific research, however remote 
first may seem the practical side. 

It is interesting to note that Sir W. H. Bragg, who has been so actively 
concerned with research in this line, made it the subject of his address befor« 
the Mathematical and Physical Section at the recent meeting of the Britis! 


} 
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Association for the Advancement of Science. Bragg points out that by means 
of the X-ray methods a new classification of crystals has been made possible. 
Previous to the application of the new method, crystals could be classified only 
by their external form, but now that the internal arrangements are elucidated 
it has been possible to establish thirty-two classes, according to the internal 
symmetry displayed. This internal arrangement is, of course, beyond human 
vision, and out of range of the lens or goniometer. It brings into prominence 
the “chemistry of the solid,” richer as Bragg says “in its variety even than 
the chemistry studied for the past century.” 

As a great deal of the work in this field (as is unfortunately true in many 
other lines of science) exists in foreign languages, the present book will be of 
great use to the English-speaking students. Henry LEFFMANN. 


NaTIONAL Apvisory COMMITTEE FOR AERONAUTICS. Report No. 188, Influence 
of the Form of a Wooden Beam on its Stiffness and Strength. III. Stresses 
in Wood Members Subjected to Combined Column and Beam Action, by 
J. A. Newlin and G. W. Trayer. 13 pages, illustrations, quarto. Washington, 
Government Printing Office, 1924. 

This publication is one of a series of three reports prepared by the Forest 
Products Laboratory of the Department of Agriculture for publication by the 
Committee. The purpose of these papers is to make known the results of tests 
to determine the properties of wing beams of standard and proposed sections, 
conducted by the Forest Products Laboratory and financed by the Army and 
the Navy. 

The purpose of this investigation was primarily to determine the stress which 
would occur at maximum load. It was found that this stress is dependent not 
only upon the ratio of bending and compressive stresses but also upon the 
stiffness of the member, therefore, upon the slenderness ratio. The investigation 
also involved a consideration of the variation of maximum stress and particularly 
of the fibre stress at elastic limit. 

In actual tests the maximum stress was, in general, considerably higher than 
the straight line assumed by the Army and Navy and the stress at maximum 
load somewhat below. 

In some cases the stress at maximum load may be considerably below the 
straight-line relation generally assumed for maximum stress. However, when 
stress values from the two curves are taken for any ratio of bending unit stress 
to total unit stress and placed in the ordinary formula, the estimated loads are 
not reduced proportionally. 

A maximum load chart for members of any length and with any form 
factor was made for Sitka spruce at 15 per cent. moisture. The analysis in this 
report will show how, for other species, similar charts may be prepared. 

Report No. 191, Elements of the Wing Section Theory and of the Wing 
Theory, by Max M. Munk. 25 pages, illustrations, quarto. Washington, Govern- 
ment Printing Office, 1924. 

Report No. 191 contains those results of the theory of wings and of wing 
sections which are of immediate practical value. They are proven and demon- 
strated by the use of the simple conceptions of “ kinetic energy” and “ momen- 
tum” only, familiar to every engineer and not by introducing “ isogonal 
transformations ” and “ vortices,” which latter mathematical methods are not 
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essential to the theory and better are used only in papers intended for math 
maticians and special experts. 

Report No. 193, Pressure Distribution over the Wings of an MB-3 Airpla: 
in Flight, by F. H. Norton. 17 pages, illustrations, quarto. Washington, Gover: 
ment Printing Office, 1924. 

The investigation was carried out to determine the distribution of load ove: 
the wings of a high-speed airplane under all conditions of flight. In particula: 
it was desired to find the pressure distribution, during level flight, over th: 
portions of the wings in the slipstream and, during violent manceuvers, ove: 
the entire wing surface. The research was conducted at Langley Field by th: 
committee at the request of and with funds provided by the Army Air Servic: 

The method used, similar to that described in N. A. C. A. Report No. 148 
consisted in connecting a number of holes in the surface of the wings | 
recording multiple manometers mounted in the fuselage of the airplane. |: 
this way simultaneous records could be taken on all of the holes for any 
desired length of time. 

The results obtained in this investigation may be briefly summarized 
follows: 

(1) There occur in the slipstream, in level flight, positive values of lift of 
100 Ib./sq. ft. at the leading edge of the upper wing and negative values of 
over 60 Ib./sq. ft. on the leading edge of the lower right wing and the trailing 
edge of the lower left wing. Approximately 80 per cent. of the load at any 
point is due to reduction of pressure on the upper side, tending to pull the fabric 
away from the supporting frame. 

(2) The values of lift on the ailerons and wing tips in a sharp aileron 
roll are only slightly greater than in steady flight. 

(3) The lift given by the wings when suddenly flattened out of a dive is 
about 80 per cent. of the total dynamic load on the airplane, the fuselage and 
tail carrying the remainder. The lift per square foot on the upper and lower 
wings under these conditions is in the ratio of 4 to 3. 

(4) The centre of pressure coefficient on the upper wings remains under 
all conditions at about 0.30. On the lower wing it varies between 0.53 and 0.32 

(5) The distribution of lift along the span (moments taken about centré 
line) is substantially equivalent to a uniform distribution under all conditions 

Report No. 194, Investigation of Slipstream Velocity, by J. W. Crowley 
Jr. 7 pages, illustrations, quarto. Washington, Government Printing Office, 1924 

These experiments were made by the committee at the request of the Bureau 
of Aeronautics, Navy Department, to investigate the velocity of the air in th 
slipstream in horizontal and climbing flight to determine the form of expressio! 
giving the slipstream velocity in terms of the airspeed of the airplane. Thi 
method used consisted in flying the airplane both on a level course and in clim! 
at full throttle and measuring the slipstream velocity at seven points in th 
slipstream for the whole speed range of the airplane in both conditions. |: 
general the results show that for both conditions, i.e., horizontal and climbing 
flights, the relation between the slipstream velocity , and airspeed V’ can |x 
represented by straight lines and consequently the equations are of the form 


V,=mV +b, 


where m and b are constants. 
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PUBLICATIONS RECEIVED. 


Relativity for Physics Students, by G. B. Jeffery. 151 pages, illustrations, 
12mo. New York, E. P. Dutton and Company. Price, $2.40. 

La Méthode Générale des Sciences pures et appliquées, par André Lamouche. 
298 pages, 8vo. Paris, Gauthier-Villars et Cie., 1924. Price, 30 Francs. 

Geochemische Verteilungsgesetse der Elemente, von V. M. Goldschmidt. 
17 pages, 8vo. Kristiania, Jacob Dybwad, 1923. II. Besiehungen Zwischen 
den Geochemischen Verteilungsgesetsen und dem Bau der Atome. 37 pages, 
plate, 8vo. Kristiania, Jacob Dybwad, 1924. III. Réntgenspektrographische 
Untersuchungen tiber die Vertetlung der seltenen Erdmetalle in Mineralien, von 
V. M. Goldschmidt und L. Thomassen. 58 pages, illustration, 8vo. Kristiania, 
Jacob Dybwad, 1924. 

Telephone and Telegraph Statistics of American Republics; January 1, 
1923. 8 pages, illustrations, quarto. New York, American Telephone and 
Telegraph Company, July 1, 1924. 

U. S. Bureau of Standards: Circular No. 100, Nickel and Its Alloys, second 
edition. 162 pages, illustrations, plates, 8vo. Washington, Government Printing 
Office, 1924. Scientific Papers, No. 490, Spectra and Critical Potentials of 
Fifth Group Elements, by Arthur E. Ruark, F. L. Mohler, Paul D. Foote, 
R. L. Chenault. 26 pages, plate, 8vo. Washington, Government Printing Office, 
1924. Technologic Papers, No. 257, Development of a Method for Measurement 
of Internal Stress in Brass Tubing, by Robert J. Anderson and Everett G. 
Fahlman. 16 pages, plates, 8vo. Washington, Government Printing Office, 
1924. Technologic Papers, No. 258, Strength of Steel Tubing under Combined 
Column and Transverse Loading, Including Tests of Columns and Beams, by 
Tom W. Greene. 36 pages, illustrations, plates, 8vo. Washington, Government 
Printing Office, 1924. 

American Engineering Standards Committee, Year Book, 1924. 64 pages, 
illustrations, quarto. Standardization—What It Is Doing for Industry. Second 
edition. 23 pages, 12mo. New York, Committee, 1924. 

National Advisory Committee for Aeronautics: Technical Notes, No. 198, 
Micarta Propellers—I. Materials, by F. W. Caldwell and N. S. Clay. 5 pages, 
illustrations, quarto. Washington, Committee, 1924. 


Forest-pest.—English Mechanics (1924, 120, 42) reports that 
Prussian forests are being most seriously injured by the ravages of 
the larva of a moth. Pine trees are the species affected, and it is said 
that over thirty million feet of timber are dead or dying. The moth 
lays its eggs on the under side of the pine needle. The caterpillars 
hatch in May and eat their way from the tree top to the bottom. It 
is reported, however, that they are now dying in large numbers either 
from a fungous disease or from the attacks of ichneumon flies. 
Very little seems to have been accomplished by ordinary forestry 
methods, but one owner has imported a large number of ants 
and believes that these will save considerable timber by attacking 
the caterpillars. H. L. 
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Vitamines in Live-stock Feeding.—If farm animals do not 
receive the proper vitamines in sufficient amounts, they becom 
unthrifty, and develop certain symptoms such as indigestion, loss oi 
appetite, and nervous disorders, or even certain diseases such as 
paralysis and rickets. According to H. H. MircuHety and M. Hees 
Keitu (University of Illinois Agricultural College and Experiment 
Station, Circular 282, 20 pages, 1924), farm animals require fat 
soluble A and water-soluble B, but do not require water-soluble ( 
Exposure to direct sunlight acts as a preventive of rickets, and fat 
soluble D, therefore, usually is not required ; this preventive action is 
not exerted by sunlight which has filtered through glass and thereby 
been deprived of the effective ultra-violet rays. There is little dange: 
of vitamine-deficiency in the rations of cattle, sheep, and horses; 
more danger of such deficiency exists in the case of swine and poultry 
Animals, which consume large amounts of fresh green roughage 
good pasture, or well-cured hay, and are kept out-of-doors, probably 
will never suffer from deficiency of vitamines. Growing swine ma) 
at times become unthrifty and diseased as a result of a deficiency of 
fat-soluble A in the ration; this condition may be removed by use 
good pasture or good hay, and by feeding yellow corn instead of 
white corn. Growing chickens and laying hens have so high 
vitamine requirement that an ample supply of green feed and direct 
sunlight is more important for poultry than for other live stock. 
Since judicious use of ordinary feeds readily corrects vitamine 
deficiencies of farm rations, commercial vitamine preparations are not 
required in stock feeding. | ee Seo 


Occurrence of Germanium in Smithsonite and in Mine 
Waters.—Joun HucGues MUtter, of the University of Pennsy! 
vania (Ind. Eng. Chem., 1924, 16, 604-605), has found 0.01 per cent 
of germanium dioxide in the smithsonite or native zinc carbonate from 
the Hudson Mine near Salem, Livingston County, Kentucky. Hith 
erto germanium has been found only in blendes or sulphide ores 0! 
certain metals, chiefly zinc, copper, and silver. The smithsonite from 
the Hudson Mine is practically free from arsenic and lead. Get 
manium is present also in the water of this mine, the non-volatile total 
solids obtained from the water containing 0.29 per cent. of germanium 
dioxide. The mine water is used in washing the ore; the non 
volatile total solids obtained from the wash water were found t 
contain approximately 0.5 per cent. of germanium dioxide. In work 
ing this ore, waste zinc oxide is obtained from the furnace flues and 
pipes; it contains 0.01 per cent. of germanium dioxide. This waste 
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material is used for the manufacture of zinc sulphate. Germanium 
dioxide may be recovered from the mother liquor after crystallization 
of the zinc sulphate. In this manner, 2.75 grams of pure germanium 
dioxide were recovered from 100 pounds of waste zinc oxide. 


J. S. H. 


In Great Britain it has not infrequently been the case that impor- 
tant scientific advances have been made by men of the professions or 
of business. Thus Gilbert was Queen Elizabeth’s physician, Sir 
Charles Wheatstone was a lawyer and James P. Joule, a brewer. At 
the British Association in Toronto Sir Richard Paget, Bart., a special- 
ist on the legal aspects of inventions, presented a formal paper on “The 
Nature of Speech ” and at the Converzatione delivered a “ lecturette ” 
on the same subject. On page 740 of this JourNat for June is to 
be found a statement of his theory of the production of vowel sounds, 
viz., that such sounds are characterized by the presence of two notes 
of different pitch produced by the passage of air through two vocal 
cavities in series. These cavities are separated by the tongue. “ By 
your tongue you vary the waist-line of your mouth.” He demon- 
strated his ability to vary the dimensions and hence the resultant note 
of one of the cavities while he maintained the note of the other with- 
out change. Moreover, he varied their pitches simultaneously, pro- 
ducing a series of compound sounds with his mouth, wherein the 
pitch of the sounds from one cavity progressively rose while that 
from the other fell. 

The two components of the vowel sounds of “hat” and of 
“put” are about the same number of semitones apart in pitch. He 
had a dictophone record of the “a” sound. When the speed of rota- 
tion was reduced to about five-ninths of its former amount the 
emitted vowel became the “u” sound. He claims that a certain 
component of high pitch represents the American contribution: to 
vowel sounds, and successfully imitates the nasal quality by the pas- 
sage of air through a third cavity in series with the other two. The 
additional pitch is due to 2400 vibrations per second and is not really 
nasal in origin but is caused by a constriction of the pharynx. He 
emphasized the musical advantages of voiced over unvoiced sounds, 
calling attention to the lack of the latter in the dialect of his shire 
of Somerset. 

In the less formal talk at the Converzatione he showed that it is 
possible to whistle a note of one pitch and at the same time to hum 
a note of another. He and his daughter, Lady Sylvia, gave a quar- 
tette in which he produced the alto and bass, while she rendered the 
other two parts. At the same entertainment he exhibited his dog, 
“Radio Rex.”” This is a toy animal that is held in a kennel by the 
pull of an electromagnet, energized by an electric current. In the 
mechanism is a part whose natural frequency of vibration is 500 per 
second. When a sound of this periodicity is produced the part is set 
in sympathetic vibration, the current is interrupted and a spring, no 
longer overcome by the electromagnet, shoots the dog out of his box. 
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The vowel of “ Rex” has a component of the requisite frequenc. 
so that the call of the word is followed with surprising promptne 

by the appearance of the dog, while the utterance of other names 
produces no effect, unless they, too, have a component of the right 
pitch. At the close Sir Richard placed in his mouth a rubber tu! 
and, blowing through it, set in vibration a membrane that emitted a 
squeaky noise into a space enclosed by his hands. He then by the 
use of his fingers divided this into two cavities for the enunciation 
of vowels, and opened and closed the space in such a way that conson 
ants were produced. Thus manipulating the “cheirophone’’ he 
made it say, “ I hope you have all enjoyed this paper.” G. F. S. 


Mr. P. D. Foore of the Bureau of Standards suggests arsenic 
vapor traversed by an electric current as a source of ultra-violet light 
No visible radiation is thus produced. G. F. S. 


Pror. H. N. Russert, of Princeton, in a paper on the “ Spectrum 
of Titanium ” at the British Association, stated that from a study oi 
the stars it can be inferred that helium has a high and titanium a low 
ionizing potential. In connection with the difficulty he experienced 
in disentangling the complex relations of the spectral lines of this 
element, he recommended in similar cases that the investigator drop 
his problem for a week and then return to it afresh. 

In the course of his remarks he made reference to work of 
investigation done by some one in Spain. It would therefore appear 
that this country is advancing in science, for in recent years scarcel) 
any physical papers have originated there with the exception of thos: 
emanating from the pupils of Pierre Weiss, the originator of the 
magneton theory of magnetism. GF. S. 


At THE British Association Sir Napier Shaw presented a pape: 
“If the Earth Went Dry.” He manifestly found pleasure in the 
double meaning that might be attached to this title. One of the 
effects would be the nearer approach to the earth of the surfac 
separating the lower region where convective air currents hold sway 
from that above it where the temperature does not vary with height 
He appeared to feel that as a rule people are not sufficiently impressed 
by the magnitude of the radiation received by the sun, which he stated 
to be equal to 5000 kilowatts per acre. Professor Eve, of McGill 
University, was presiding at this session, and at the close of the pajx 
expressed his personal indebtedness to the distinguished author fo: 
having sent him, a man brought up on books, two original papers | 
Cambridge University. G. F. S. 


P. E. SaBine, of the Wallace Clement Sabine Laboratory, Rive: 
bank, Geneva, Illinois, read a paper before the British Associatiot 
on “ Research in Architectural Acoustics.” It was very appropriat: 
that a paper on this subject should emanate from a member of th 
Sabine clan. In the sound chamber of his laboratory the measur« 
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ments are made with such accuracy that the presence in the room of 
an additional square-foot of carpet can be detected by the change it 
causes in the length of time during which sounds there reverberate. 
He announces as the result of his experiments made on some fifteen 
masonry walls of different materials and of different thicknesses that 
the “ general reduction of sound in transmission through such walls 
is independent of the material and the structural stiffness of the wall, 
and is a function only of the weight per unit area.” 

C. A. Chant, Professor of Astrophysics, Toronto University, thus 
interprets this conclusion: “It is sometimes thought that a wall of 
sawdust or cork is a good insulator of sound, but such is not the case. 
The partitions which allow least sound to pass through them are those 
which have most weight per square foot of area. Thus a wall of 
stone one foot thick is more impervious to sound than one of wood 
five times as thick.” G. F. S. 


AT THE recent meeting of the British Association at Toronto the 
following cryptic notice was to be seen in the registration room: 
“Red Lion Club. The supply of bones being limited, Lions revisiting 
the Den should scratch a line forthwith to the Jackal Poste Restante, 
Reception Room.” This organization originated in 1839 and was due 
to the desire of some to escape from lavish and formal hospitality 
to a quieter and more genial atmosphere. The ritual required that 
members upon rising to speak should roar and flourish their coat- 
tails. The meetings have at times been of compelling interest, for on 
one occasion Sir Joseph Dalton Hooker, President of the British 
Association in 1868, drank a wine-glassful of ink before he discovered 
the presence of the pen with which he should have signed the attend- 
ance book. GS. F. 3. 


WHEN Sir William Bragg had finished his address as President 
of Section A of the British Association, Sir Ernest Rutherford 
arose and, after remarking that on such an occasion “ it is the custom 
for one of the ancients to say something,” proceeded to speak 
ina complimentary manner of the communication just ended. Prof. 
W. Duane, now of Harvard, seconded Sir Ernest’s remarks. Then 
came a scientific conjunction that rarely occurs. The next speaker 
was W. L. Bragg, the son of the president of the section, and, 
like his father, a Fellow of the Royal Society, and his paper like 
that of his father dealt with the physical properties of crystals, espe- 
cially with the application of X-rays to the determination of crystal 
constants. He began by calling attention to the vast amount of 
optical information about crystals that remains to be exploited, and 
then went about showing how it can be utilized. ‘“ When an electro- 
magnetic wave passes through a medium the electric field polarizes the 
atoms, their positive and negative components a displaced from 
the normal configuration. This creates an electric field around each 


atom equivalent to that of an electric doublet whose moment is propor- 
tional to the electric vector at each instant. The velocity of the wave 
Vor. 198, No. 1185—31 
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in the crystal depends on the ratio between the total polarization per 
unit volume and the field. Each atom is affected by the general field 
and by its polarized neighbors. In a crystal which has been analyzed 
by X-rays the effect of neighboring atoms on each other can be calcu- 
lated. The double refraction of calcite and aragonite, for instance 
can be satisfactorily explained quantitatively.” Suppose that the elec- 
trical vector of the wave is perpendicular to this page, lying in a 
horizontal plane, at the point X, and that 4, B and C represent thre: 
similar atoms, such as the three atoms of oxygen in calcite, in a plane 
- AO OB 


at right angles to the vector— ic then the effect of the 


wave will be to produce positive electrical charges on the upper, and 
negative charges on the lower sides of the atoms. The mutual repu! 
sion of the positive charges on the three upper parts and of the 
negative charges on the lower parts is equivalent to a sort of elastic 
stiffening of the medium transmitting the wave. On the other hand, 
let us consider what is the case when the three atoms are not in the 
same horizontal plane, but when A and B are higher up than C, that 
is, when the page is turned into a vertical position. The vector is 
supposed to be still vertical. In this new arrangement the lower side 
of A and B will have a negative charge while the upper side of C 
which is nearer to them, has a positive charge. We now have attrac- 
tion between adjacent charges and the shifting of charges that accom- 
panies the passage of an electromagnetic wave will be retarded by 
this conservative force; in other words, the wave is of less velocity 
than in the former arrangement. In calcite the three oxygen atoms 
are in a plane perpendicular to the optical axis. Accordingly the wave 
velocity is greater when the electrical vector is along this axis than 
when it is perpendicular to it. 

The fast ray in calcite has a refractive index of 1.49 and the slow 
ray of 1.66. The corresponding calculated values are 1.49 and 1.63. 
From a study of double refraction in crystals, it is possible to compute 
the distance between atoms. Later Professor Bragg hopes to bring the 
rotation of the plane of polarization within the range of calculation. 

He exhibited a magnetic model that illustrated the different vibra- 
tion periods due to different arrangements. Three magnets were su} 
ported at points 4, B, and C in such a way as to hang always vertical 
or to swing about a horizontal axis, with the same poles uppermost in 
all three. When 4, B and C were in the same horizontal plane one 
of the magnets being displaced, executed more vibrations in a second 
than it did when the triangle of the magnets was turned so that its 
plane was vertical. G. F. S. 


On the Luminescence of Nitrogen, Argon and Other Con- 
densed Gases at Very Low Temperatures. J.C. McLENNAN and 
G. M. Surum. (Proc. of the Royal Society, A736.)—There are tw 
cryogenic laboratories in the world in the universities of Utrecht and 
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Toronto. A few months ago it seemed that from the former had 
come the solution of the problem of the origin of the famous green 
line in the light of the aurora. (See this JouRNAL, Aug., 1924, 
p. 275.) Vegard reported that he had found this line in the spectrum 
of the light emitted by solid nitrogen under the bombardment of 
cathode rays. Four months later Section A of the British Associa- 
tion held its meeting in the physics building of the University of 
Toronto, which houses the second cryogenic laboratory, It was 
thus possible for Professor McLennan to show the freezing of a tube 
of liquid air by immersion in liquid hydrogen and the solidification 
of hydrogen due to the reduction of temperature produced by the 
boiling under lowered pressure of the liquid of this element. On 
another day liquid helium was displayed. Still another exhibit was 
the beautiful green light given off by solid nitrogen subjected to 
cathode rays. This very striking experiment was, however, accom- 
panied by the statement that investigations made by Professor 
McLennan and Doctor Shrum flatly contradicted the findings of 
Vegard. The details of their investigation are given in their Royal 
Society paper. After the bombardment of the solid nitrogen by 
cathode rays had ceased, the solid phosphoresced for several minutes 
with green light consisting of a single wave-length, 5231.2 A. While 
the rays were still impinging, a brilliant yellow-green light was 
emitted in addition to the phosphorescent light just mentioned. ‘ The 
analysis showed this light to be characterized by three broad lines or 
narrow bands at A= 5556 A., A=5617 A., A = 5654 A.; the intensities 
being approximately 50, 10, and 7, respectively. Many photographs 
of this light were taken and the wave-lengths were checked very 
carefully. A line at A=5577 A. corresponding to the auroral green 
line never came out on the plates in any of the experiments.” For 
comparison a tin spectrum was photographed parallel to the spectrum 
from solid nitrogen. The wave-length 5577 fell just between two 
of the lines of tin. The writer had the opportunity of examining this 
plate and noted that there was no trace of a line of this wave-length 
on the nitrogen spectrum. It may have been that Vegard used so 
wide a slit that the three lines overlapped to produce one wide line 
that covered 5577. It is worth remembering that in the Toronto 
investigation these three lines were got while the nitrogen was evapo- 
rating and re-crystallizing at -252° C. Argon was examined in the 
same way. Its phosphorescent light lasts only a few seconds after 
the cessation of the rays. 

Because of similarities between nitrogen and carbon monoxide 
in spectra and in other physical properties, pointed out by Nagaoka 
and Langmuir, it was worth while to test solid CO under the same 
conditions as solid nitrogen. “ Solid carbon monoxide, ammonia, 
oxygen and water vapor did not phosphoresce and did not become 
luminescent under irradiation by electrons at the temperature of liquid 
hydrogen. The authors are forced to the conclusion” that “ the 
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origin of the auroral green line cannot as yet be definitely connected 
with the elements nitrogen or argon. Our experiments, as carried 
out so far, do not preclude the possibility of the auroral green line 
having its origin in some lighter element—in solid hydrogen—or in 
very cold luminous hydrogen, or helium or hydrogen-helium vapors 
for example, provided the proper mode of excitation is used.” Thus 
the green line of the aurora is relegated for the present to the grow 
of lines of unknown origin that includes a line proceeding from the 
corona and certain lines from nebulae. We must surrender further, 
at least for the present, any belief we may have acquired in the pres- 
ence of solid nitrogen in the upper air and with it must go the 
associated explanation of the twinkling of the stars given in Le Matin 
last June by Charles Nordmann. 

At the close of his lecture before the International Mathematical 
Congress on “ Modern Norwegian Researches on the Aurora 
Borealis,’ Prof. Carl Stormer quite properly stated that on the ques- 
tion at issue between Vegard on the one hand, and McLennan and 
Shrum on the other, he reserved judgment until further data 
be obtained. he et 


A Synopsis of the Ionization Potentials of the Elements. 
Cecitia H. Payne, Harvard College Observatory. (Proc. National 
Academy of Sciences, July, 1924.)—A valuable tabulation of the 
ionizing potentials of 42 elements is given with the method, whether 
physical, spectroscopic or astrophysical, and reference to the original 
papers. “ The possibility of making astrophysical estimates of ioniza- 
tion potential is a direct result of the Saha theory of ionization 
in stellar atmospheres. It appears, from the success with which 
this theory has accounted for the chief features of stellar spectra, 
that Saha’s basic assumption that thermal ionization can be treated 
as a type of chemical dissociation is fully justified. The fundamental 
formula, which is essentially the Law of Mass Action, regards the 
ionization potential as the latent heat of evaporation of the electron 
from the atom or molecule.” 

The ionization potentials of the elements are plotted as ordinates 
against the columns of the periodic table, which contain the elements, 
as abscisse. When the elements are studied by periods very inter 
esting relations are discerned between their ionization potentials. 

a Be. o. 
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